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I. INTRODUCTION

A. BACKGROUND

"ThIs volume is part of a study on R&D related to the cost-

effectiveness of flight simulators for military training. It

is concerned particularly with a review of the methods and data

neeaed to estimate the costs of flight training in simulators

and in aircraft.

The cost-estimating methodology is set in the context of

a weapon system model; that is, it addresses training for one

type of aircraft. However, it can be expanded to incorporate

a number of uircraft types simultaneously within the same basic

estimating siructure. Procedures for estimating costs of flying

aj:cý simulation are deeloped to permit a trade-ofi between the

two. Again, the mod..l car: be expanded, within its basic

structure, to permit assessmer.ts of trade-offs among other

"training modes and dev.'ces, e.g., classroom training, part-

!,ask train.efs and the like.

The remairndr of this chapter presents a short discussion

of cost/effectiv'3ness anialysis as a tool for assisting in com-

par-isons among al'ernatlives. This is followed by s.x chapters.

"4he first discucses the nature, extent and costs of flying for

trailnln puapose- and derives definitions of flight training

and flight training costs that are used through the remainder

of :e pap-.-. The next three chapters are devwted to discus-

sio':• of the nature and role of simulators in training programs

and d•scussions of simul&bor program and cost informatiorn

develýoed throughout the services and available to service

1



headquarters and DoD components. The final two chapters present

the cost-estimating method (model) and assess the data required

for its implementation in teý,ms of availability and sources.

In no sense can this analysis of the costs of flight train-

ing be considered complete or exhaustive. It is an initial

attempt to analyze an extensive and intricate problem. Further

work by the DoD and the services would be required before it

could be implemented.

Basic considerations surrounding the role of flight simu-

lators (and extendable to considerations of other training

equipments and re.ources) have been developed from traditional

econonic analysis. A model has been formulated that emphasizes

analyses of cost trade-offs between flight and simulation of

flight. Fcrmulation of the model has served to identify the

general types of data that would be required for its implemen-

tation; availability of these types of data has been investi-

gated for each of the three services. The model is neithei'

sufficiently detailed nor complete to serve as an analytical

tool, and it was hot intended for that purpose. Rather, it

provides a first approximation, or strawman, for guiding further

development of analytical methods and ca' "-collection systems

along the road to internal service capabilities for assessing

the cost impacts of proposed training program changes.

B. COST/EFFECTIVENESS ANALYSIS

Systems analysis is a generally accepted technique for

assisting decision makers by examining and comparing alterna-

tives (!.e., policies or objectives), ways of achieving them,

and their implications in terms of costs and benefits for

effectiveness. Cost/effectiveness analysis is a form cf sys-

tems analysis in which alternative ways of achieving a given

objective(s) are examined in terms of their costs and in terms

of how effective each is in satisfying the objective.

2



Thi!. analytical technique was introduced into DoD in 1961

by Messrs. McNamara, Hitch, and Enthoven. The technique is well-

documented in the literature and will not be elaborated on

further here, except for a brief review of the key concept of

economic efficiency. 1

The basi's of cost/effectiveness analysis lies Jn the well-

defined concept of econontic efficiency (or efficient allocation

of resources). The criterion of efficiency may be stated in

terms of satisfying either of two equivalent conditions, (1) to

minimize economic cost for a given (objective) level of produc-

tion or performance effectiveness, and (2) to maximize perform-

ance effectiveness or produce for a given level of economic

cost. 2 Obviously, if neither the level of cost nor level of

product (the scale of operations) is fixed, there will be numerous

combinations of the two satisfying these conditions with no

unambiguous way to determine which one is "best".

To provide definitive comparisons between alternatives,

analyses invariably assume that either cost or effectiveness

is fixed, thereby setting the scale of operation. Two assump-

tions have been made in this study. The first is that all

costs are measurable in dollars. The second is that training

effectiveness can be assessed and that equally effective training

programs can be designed. These permit the study to concentrate

on conventional cost analysis procedures.

IFor example, see:

1. Hitch, Charles J. and McKean, Roland N., The Econoics of Defense
in the Nuclear Age, Harvard University Press, Cambridge, 1960.

2. Quade, E.S. and Boucher, W.I., Editors, Systems Analysis and Policy
Planning, Applications in Defense, American Elsevier Publishing
Company, Inc. New York, 1966.

3. Goldman, Thomas A., Editor, Cost-Effectiveness Analysis, New
APproaches in Decision-raklng, Washington Operations Research
Council, Frederick A. Praeger, Publishers, New York, 1967.

4. Fishu.r, Gene H., Cost Considerations in System. Analysis, American
Elsevier Publishing Cocpany, Inc., New York, 1974.

2 A further discussion of conditions for efficient allocation of resources may

be found in Appendix A. 3

____________



II. NATURE AND EXTENT OF FLIGHT TRAINING

A. THE NATURE OF FLYING FOR TRAINING

During periods of peacetime, the principal function of mili-

tary forces including the air arms of the three services) is to

maintain a continuous capability of engaging in ccmbat. From

this reasoning, one can derive a definition for and measure the

extent of peacetime military flying for training. Some level of
flight activity can be associated with the administration and

support of the military establishment in general (including the

development and maintenance of combat capability of nonflying

forces). Examples include industrial fund flying, weapons de-

velopraent and test, airborne alert, and command support. This

peacetime operational flying appears to account for something

less than 20 percent of the total hours and closer to 10 percent

of variable flying cost.

The remainder of peacetime flying can be supported only on

the basis of training of personnel (both ground and flight crew)
assigned to aviation units. Within this statement lies the

rationale adopted in this paper for defining flight training

and for measuring both its extent and cost. Assume two condi-

t-ions, (1) that all flight crew personnel come to the services
(i.e., off the street) fully trained for all combat missions

and, (2) that retention of these skills is perfect. The
difference in flying levels that would be observed in this

hypothetical world and what is actually observed is ideally

defined as flight crew training. The difference in military

budgets that would be observed in this hypothetical world and

what is actually observed is ideally defined as the cost of



flight crew training. These ideal definitions provide rules

for associating observed flying with training or with opera.-

tions and for associating Incurred costs with the training

function.

In fact, the overwhelming majority of personnel come to

the service with no flying skill, and, onca learned, these

skills must be continuously reinforced to be retained. In

addition, no person is ever trained for all combat missions,

and stands to receive additional training with each duty sta-

tion reassignment. Figure 1 displays a possible (simplified)

set of auty assignments for one indiiidual during his service

career. According to this definition c.f training, he spends the

majority of his time in one of three distinct kinds of training

administered by three distinct organizatiorns. His initial train-

ing is conducted by organizations whose only mission is to im-

part general flight (including non-pilot) training to wholly

unskilled personnel, employing aircraft that have no other mis-

sion. "Undergraduate" training is unique in the se1ose that an

individual passes through it only once in his career, so long

as he remains in the same flying specialty (pilot, nav/gator,

etc.). Each time he is assigned to flight duty in a different

type of aircraft (or loses "currency" by not having flown that

aircraft for some period of time) he must enter training to

qualify (or requalify) for that type of aircraft. The "transi-

tion" or "type" training is provided by organizations whose

primary peacetime assignment is training but whose personnel

and equipments are qualified for and assigned to combat mobili-

zation billets. That is, they are a part of che combat-ready

forces. (These two organizations comprise the fornml flight

training system, and generally conduct their operations at

bases whose primary assignments are flight training.) The

maintenance of combat proficiency is the function of "continua-

tion training"--flying and other training activities by personnel

5
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who (once qualified) are assigned to organizations with primary

mission of "combat in the event of confl.ict". Where such organi-

zations have nn operational mission during peacetimc the total

flying time logged must be considered as trainIng. On the basis

of the aircraft to which this individual is assigned thie total

of his fligh.t status ti.me and the total of his flying hours must

be considered 'raining.

B. EXTENT AND COST OF FLYING FOR TRAINING

The followirg examples have been developed from Air Force

and Navy data to provide the reader with a perspective of the

proportion of total flying time and cost that is incurred for

training. In both cases, the figures pertain only to the active

elements of the service and only for fixed-wing aircraft. The

Navy data were prepared under the ground rule that helicopter

training would be provided by the Army, but there is uncertainty

about whether the Air Force data were prepared under a similar

as' umption.

1. Air Force

Relative amounts of the aircraft Inventory, flying time, and

variable costs of f2yi.ng that can be associated with Air Force

training are shown in Table 1. The inventories and flying hours

are derived from the projection for fiscal year 1981 in USAF

ProgrmAerospace Vehicles and Flying Hours by M/DiS, Vol. 1

(PA 78-POM), dated 7 May 1976, Secret. Aircraft held in small

numbers were not included in the tally. The omitted flying

hours and costs amount to less than one percent of the fixed-

wing totals.

The estimates of variable flying cost are in terms of 1977

dollars and are based on information contained in USAF Cost and

Planning Factors (AFR 173-10). For all aircraft they include

costs of POL consumption, base maintenance materials, that

7



Table 1. USAF: RELATIVE FLYING HOURS AID
VARIABLE FLYING COST, BY FUNCTION

Cost/ Percent of Tctal
Flying Hour, Flying
Dollars Inventory Hours Cost

Undergraduate training 398 17 24 9

Transition training 1165 14 10 11

Mission-Not Industrial
Funded 1424 53 40 54

Mission-Industrial
Funded 1202 9 18 21

Support 513 7 8 4

TOTAL 100 100 100

Totals may not add due to rounding.

Source- USAF Program, Aerospace Vehicles and Flying Hours, Vol. 1, by
M/D/S, PA FY-78-POM, 7 May 1976 (Secret).

USAF Cost and Planning Factors (AFR 173-10) (Confidential).

S~B
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portion of depot maintenance considered to vary with flying

hours, and replenishment spares. In addition, base maintenance

labor has been included for aircraft employed in undergraduate

flight training.

The significant feature is that approximately 80 percent

of all f..ying time and 35 percent of variable ;lying costs can

be associated with flight crew training based on the definition

adopted in this paper. (One-half of industrial. fund flying and

all the support category has been assumed necessary for support

and administration of the peacetime force; the remainder is con-

slder,•d to be for the F:irpose of training.) The relative cost

of undergraduate flyirn is surpr.isingly low compared with the

attention it has received in discussions of training costs and

simulator usage. From this data, per-flying-hou- costs of

combat aircraft are over three times higher than those of

trainer3. This raises two questions about current training

programs and simulator proposals: the first is the relative

cost/effectiveness of investing in simulation for undergraduate

training vis-a-vis transition and continuation training. The

second concerns the relative cost/effectiveness of utilizing

small aircraft (like current trainer designaticns) in continua-

tion trAining programs.

2. NavY

Comparable Navy information (Table 2) was extracted from

the Airca"aft Program Data File (APDF) as it existed during

January 1977. This material contains estimates of flying costs

as wel! as inventory and flying hour data, but the structure or

composition of the costs is unknown, except for the fact that

they have been adjusted to hypothesized 1978 cost levels. These

estimates are significantly higher than Navy per-flying-hour

costs shown in other documentation (notably the OP-20 and Flying

Hour Cost Reports).

9



Table 2. U.S. NAVY, RELATIVE FLYING HOURS
AND VARIABLE FLYING COST, BY FUNCTION

Percent of Total

Cost/Flying Hour, IFlying
Dollars Inventory Hours Cost

Undergraduate Training 222 18 22 9

Transition Training 704 13 13 15

Mission 730 57 53 67

Support 420 12 13 9

TOTAL lO0 100 100

Totals may not add due to rounding.

Source: Aircraft Program Date File (APDF) January IS77 (Secrec).

10



If it is assumed that only flying in the support category

is necessar, to operation and administration of the peacetime

force, 85 percent of all flying t'.me and 90 percent of variable

flying costs can be considered as incurred because of training

requirements.

Inventory and flying hour detail (by aircraft type) is

shown in Appendix D. Since these data are classified, Appendix

D has been published under separate cover.

C. FLIGHT TRAINING COSTS

Ignoring, for the time being, simulators as an item of

special interest in this study, Table 3 displays the types

of activities and costs involved in flight training.I This set

of cost elements emphasizes conventional thinking about flight

training--the high ocst and special nature of flying is pointed

up by its separate treatment, while all other direct requirements

are grouped under one heading.

The discussion of the nature of flight training (above)

identified three different levels of flight t-aining as a

function of prior aviator skill and mission readiness. This

stratification has implications for which of the costs incurred

by training organizations are logically chargeable to the

training function. Undergraduate flight training is conducted

by organizations whose aircraft inventories and personnel have

no other mission. That is, the assets associated with under-

graduate training do not have prior or additional assignments

to peacetime support of the forces or to combat missions in the

event of hostilities. As such, all costs incurred on their

3ThJs table Js put fonr;h as a general hypothesis rather than as an inmutable,
complete, or precise set of rules for estImarting cost. Organizational and
accounting differences between the services and, possibly, between different
units of the same service inply a degree of adaptability in defining cost
elenments and in associating costs oith training activities.

11



Tablie 3. REPRESENTATIVE COST ELEMENTS
Notes

Academic Training
Operations

Pay & Allowances
Instructors 1
Instructional Support Personnel-_ 2

Training Device Maintenance ___2
Training Materials 2..._2

Investment
Training Device Procurcment_ __2

Flying Training
Ope otilons

Instructor Pay & Allowances
Munitions Expended
Variable Aircraft Flying Costs

Base Maintenance Labor
Base Maintenance Materials
Depot Maintenance & Modification

Investment
Aircraft Attrition & Procurement 4

Student ?uy & Allowances

Training Support
Operations

Pay & Allowances
Unit Command/ Admin. / Operations 5
Base Oper./Medica! Support Pers. -6

Facilities Maintenance Material
Investment

Training Program Development

Notes:

1. Where instructor personnel engage in more than one type of training (academic
and flight ) a basis for allocation, e.g., time spent between them, is
required.

2. All instructional support personnel and training devices (other than aircraft)
are as~umed to be associated only with school-house rficinlna.

3. Consists of aircraft replenishment spares, other aircraft maintenance maiel;C.,
and PaL. Costs of these require.ments are considered Wholly a function of
flying hours.

4. Applicable only to new (yet to be procured) aircraft. Either, but rot both,
procurement or attrition would be applicable.

5. To the extent that a portion of unit command/operations personnel is identifi-
able with training.

6. BOS support required for incremental personnel associated with the training
function (including students).

t.
7.1-77- 14
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behalf, including training base support and administration, are

correctly a cost of training. 1 Looked at in another light, In

that hypothetical world in which all personnel come to the

services fully trained, the undergraduate flight training crgani-

zatiors themselves (including all personnel and equipment as-

signed), would be superfluous.

Since transition training z.rganizations have prior combat

mobilization assignments, they would exist in the absence cf a

trainins missiron with clo.•p to their oresent complement of per-

sornel and equipment. That is, qualified pilots (the instruc-

tors): aircraft maintenance personnel, unit command and opera-

tions personnel, and their associated support personnel would

be required due to the mobilization assignment, and cost of
these personnel are incurred to maintain the combat capability

of the organization rather than tPaining. Costs associated with

training are limited to the (variable) costs of flying time;

student pay arid allowances; the costs of equipments, materials,
and personnel associated with training devices and support of

the instructional program (and their associated base support

personnel). When one compares transition and combat unit
training there is little difference with regard to cost,. The
only discernable difference is that in combat organIzaticns

there are no students, per se, and no evidence of a group of

persons dedicated to the direct support of training other than
those associated with the operation and maintenance of equip-

ments held solely for training.

In adA ;iorn to the types of costs chargeable to the train-

ing function the natures of undergraduate, transitional, and

continuation training differ in a way that affects the way in
which costs are estimated. This difference is essentially in

1Plighit training bases may provide services to tenant organizations with
either peacetime support or conbat mission assigimmnts. In either case
the direct costs of these units and some share of base operating overhead
cannot be considered a cost of undergraduate training.

13



who is trained and the purpose of the training and is most

r easily seen in comparison of undergraduate and continuation

Undergraduafte is strictly individual braiInng in basic

flight skills applicable across a range of aircraft types. The

training-for the different skills (pilot, navigator.. etc.)

typically occur at training bases specializing in only one skill

(crew s;eat). Eash student progresses through *Ghe same syllabus

witi )ut; restricting his options in terms of aircraft to which

he may later be assigned. 1 The cost of training for a particular

crew seat is e-timatea without reference to the training pro-

grams or training rates for other crew seats or to the crew

requirements cf different combat airc-.aft.

Continua~tion training, on the other hand, is for the pur-

pose of training a crew ~as a team) in the skills necessazy to

execute cc'nbat missicnrs in a particular alrnraft m~odel. The

training base (~normally an operational base housi-r-, a wing '..

squadron) is predominantly associpted w'Lth one aircraft model

anu, for other than single-place air'craft, a collection of

crew-seat skills. Flying for trainirng involve:s a total crew;

nor.-flying training may be par-:iculariz.-d by crew~ -eat. The

result is that the un--',. Poa whichl training costs ap,: estt-'imraý.ed

must be the complete crew, but the estima'£ing process requires

separate estimates for those train!ing regimes com:1on t"o *.ne

crew and those unique "o each crew seat.

h-a~tiontraining contains a mixture of elements from

undergraduati. and continouai.1izn I-t has a principaJ. purpoie of

training ividuals to misslcn readiness tin a par'iul.moe

aircraf For, multi-seat- aircyaft, the different crew seats .,ill

INavy pilot training, doe-:- JIntr-_'duce eLr elemn~rt of specialization in :2vLner-
graduate training. After an in-ItIal period in 41hich all students fol.low
th.e same~ curiculum they wi-l. speciall .:e in one of thre'ý.e TraioraIcaf
lines- 'jet, prope.ller, or nel iccpter. Thi's essentially incoduz;es a wo
step trairning pro:cess, each step ol' which may have to be est-inralted sej>-
erately to develop a ý.otal ttraIning cost, estimiate.

14I



be trairned at the same locations using syllabi that prescribe

activit-l- cummon acvoss crew positions and activities that are

unique t'. : position. As a typical example, training for a

two-place aircraft will require some pilot training sorties in

which tiie rear seat will be oc ipled by an instructor and some

sortie:z in which iL will be occupied by a student (say a radar-

navig, ror). The Joint sy:llabus might specify the following

sorties:

Student Student

Pilot Radar-Navigator

With Instructor 80 50

With Student 30 30

This complicates the process of estimating costs as the esti-

mates must be based on one of two assumptions.

1. The basic unit trained is the complete crew

(pilot and radar-navigator).

2. The basic unit trained is the individual (pilot
or radar-navigator), and the costs of joint
activities are to be pro-rated to each.

Neither assumption is really satisfactory. So long as the num-

bers of each crew seat to be trained (per unit of time) are

equal either assumption will work as well. However, there is

no justification for assuming they will always be equal, and

unequal number.s will in-,-ve some additional cost--either in

terms of additional flying, and hence training expense, or in

terms of delays in the training for one crew seat with a re-

sulting mismatch in the number of mission-qualified pilots and

radar-navigators. The cost associated with a mismatch in

qualified crew members cannot be measured in dollars. The

allocation of the cost of the additional flying would either

be quite complex or arbitrary.

The cost-element listing displayed in Table 3, and

supplemented to account for the differences between the various



levels of training is shown in Table 4. Those costs that

are not applicable to a given level of training have been

shaded. The different training levels are physically separated

in the table to emphasize that e2"h lpvzl represents a distinct

and, to some extent, different cost-estimating process. 1

Notc that no provision is made for costls of "full crew"

triaining activities at the transition itvel. As discussed

abo're, this Js consistent with an assumption that costs of

flight involving students with different crew specialities will

be pro-rated to each It is no more than cn arbitrary choice

for purposes of displaying Table 4. Whether associating

costs with full crew training is appropriate or not will depend

upon the nature of the training program assumed (or given).

1In truth, cont-Inuation nnd transition training requirements cannot be
-1v-rced as completely as would seem to be indicated when interest0 is
centered c: the costs -f training devices and simulators or on the cost
trade-offs between simulation and flight. So long as the same simulator
.-ndels are employed at both levels, the net trade-offs can be determined
only by considering the joint Iirect of their use at both levels.

16



Table 4. REPRESENTATIVE COST ELEMENTS BY LEVEL OF TRAINING

Transition Continuation
Undergraduate By Seat By Seat Full

1 21 1 • Crew
Academic Training

Operations
Pay & Allowances.

Instructors
Instructional Support Personnel

Training Device Maintenance
Training Materials _ __....:_.

Investm ent . . . . . . .• - •.. . . . . . . . . . . .
"Training Devicc Procutement - -

Flying Training
Operations

Instructor Pay & Allowances
Munitions Expended
Variable Aircraft Flying Ccats

Base Maintenance Labor
Pose Maintenance Materials
Depot Maintenance & Mod.

Investment
Aircraft Attrition & Procuremen,

Student Pay & Allowances ...

Training Support
Operations

Pay & Allowances

Unit Command/Admin./ Opeiations
Base Oper./Medical Support Pers.

Facilities Maintenince Material
Investment . ... ........

Training Program Development

1Includes POL, replenishment spares, other base materials.

-.1.77. 15
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III. THE ROLE OF SIMULATORS IN FLIGHT TRAINING

At present, DoD has a large number of options open in

developing a comprehensive policy for incorporating simulators

into flight training programs for' both existing and new models

of aircraft. On a per-hour basis, costs of flying are several

times the costs of simulators, and current inventory holdings

seem to barely scratch the surface of their potential use. The

procurement and use of simulators in flight training programs

raises four basic questions:

1. What Kind of simulators are to be procured and employ-

ed and In what mix? The range of "what kind" encompasses both

the menu of flight functions to be learned through simulation

and the physical and performance characteristics of simulator

hardware. Should individual simulators be designed for limited

functions (part task and procedures" trainers; target tracking,

rcfueling, etc.) or for a broad range of functions (generally
associated with weapon system or mission simulators)? What

features are to be incorporated into the hardware and by using

what technologies? For example, to what extent should simu-

lators employ visual systems; where should visual systems use
computer generated imagery, camera model boards, etc.; in

terms of the learning tasks addressed and subsystems employed,

where zhould simulator hardware be simple and cheap and where

should it be sophisticated and expensive?

2. How much simulation is to be Incorporated into train-

ing programs and on what time schedule? 'This question addresses

the magnitude of expenditures for simulator hardware and opera-

tions over time. How many simulators of each kind should be

18



procured? How much should each be utilized in training programs

-- in terms of operating hours or the proportion of requisite

flying skills to be ]earned through simulation? What should be

the timing of budget allocations for simulator procurement and

operations?

3. Who gets simulator training or where are simulators

to be used? Given a simulator budget, the resources made avail-

able must be distributed between the different levels of train-

ing (undergraduate to combat unit) and among the different types

and models of aircraft (and crew position for multi-seat models).

In addition to "how much" the distribution problem must also ad-

dress "when". In what order or sequence is simulation training

to be made available across the different training levels and

aircraft models? There is a further question, of smaller scope,

associated with allocation. C-iven the allocation among aircraft

models, how are resources to be distributed as to geographic

lcation and command (for .aidely held aircraft)?

4. What portion of simulator resources are to be al-

located to simulator development? How much should be spent for

what new simulator capabilities and when should it be spent?

All aspects of these questions apply to program formula-

tion at higher echelons (DoD and Service headquarters) and a

limited set of them at an individual aircraft type or weapon

system level. The different levels cannot be separated in any

real sense however, since policies formulated at the DoD and

service-wide levels will limit the solutions that can be devel-

oped at lower echelons. In any case, these four questions ex-

haust the relevant considerations of simulator use and will be

answered in some fashion, regardless of what policies are

finally adopted. At the extreme, a policy of not employing any

simulation is tantamount to the answer "none" to all of the

above questions. Whether such questions are explicitly addressed

or not, any orther policy implicitly devotes a portion of available

19
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(training) resources to siplulauion in a particular pattern that

describes who, what, how many, and when.

A. COST ELEMENTS FOR PROCURING AND OPERATING SIMULATORS

Particular interest in the costs of simulators is quite

recent, and as a result little in the way of an historical cost

base has been developed. Further, the technological character-

istics of simulators have changed to the point where the validity

of historical data developed A little as 10 years ago is open

to serious question. The section presents a short discussion

of a cost structure based on logical considerations of the

physical configuration of simulators and organizational arrange-

merits of the services rather than on analysis of historical

records.

1. Procurement Costs

Simulators consist of definite subsystems, often associated

with a single dominant technology, and a listing of these major

components provides definitive guidance for estimating procure-

ment costs. A telling argument for this point is that simula-

tors are often contracted (or subcontracted) along such a sub-

system line. In addition, a frequent practice is to procure

initially a simulator with limited features and later to add

additional elements that correspond to the subsystem structure

(e.g., visual or motion systems).

It should be noted, however, thF.t a .-agle sabsystem struc-

ture will not be unizersally applicable for a number of reasons.

For one, a complete simulator may not contain all possible sub-

systers. Procedure3 and part-task trainers frequently include

* neither visual nor motion capabili.ties, while weapon system and

operational flight trainers may be anticipated to contain one

or both. A second reason is that the applicable structure can

be expected to vary with the lf:vel of technology incorporated

20



into the device. With a camera model visual system, computation

hardware will likely be a distinct subs.stum controlling cockpit

instruments, cockpit motion, and TV gantry movement as an inte-

grated operation. On the other hand, the computational require-

ments associated with computer-generated imagery (CGI) may be

sufficiently great that it would be best implemented by a

devoted computer with software linkage to a second computer con-

trolling other computational requirements. In this case, compu-

tational costs might be best estimated by considering each as a

separate subsystem or by considering visual display and compu-

tation equipment as a single subsystem. A third reason is

that an appropriate subsystem structure as well as the estimat-

ing approach may differ, depending upon where in the development/

acquisition process a simulator is. In an early conceptual

phase, where major configuration features and performance charac-

teristics are yet to be determined, a parametric approach is

generally indicated for estimating costs. Here the appropriate

subsystem structure may differ significantly from that suited

for engineering estimates typical of later stages of the process

after configuration and performance parameters have been fairly

well set.

The structure shown in Tabl.e 5 is presented as one amenable

to parametric estimates at early stages in system development

where major configuration trade-offs are of particular interest.

Note that all computational capability is grouped into two

closely related systems (hardware and software). Recognizing

that other subsystems contribute to the net computational

load, whether costs are better estimated by defining one or a

number of computational subsystems would appear to depend upon

alrernative configuration proposals to be investigated. The

principal advantage of the grouping lies in the dimpler descrip-

tions of other subsystems that Lt affords. The subsystem

structure shown in Table 6 has been suggested by the Air Force

Simulator Systems Project Office. Considering the nature of

21)



Table 5. SUBSYSTEM STRUCTURE SUGGESTED FOR
PARAMETRIC ESTIMATES

Subsystem Comments

Cockpit (or Cab) Possibly a nose section of the
aircraft itself comaplete ex-
cept for instruments and
controls.

Flight Instruments Not included in cockpit system

since the instruments and con-
trols may be specifically
tailored for simulation (e.g.,
digital driven where flight
vehicle instruments are analog).

Mission instruments/Displays Defined separately to permit
identification of high-cost
mission-peculiar items that
represent a significant in-
crease in cost over "typical"
instrument requirements, e.g.,
radar land mass simulator.

Computational Hardware May be better handled as a
number of distinct or second
level subsystems. Candidates

IComputational Software for separate definitions
would be special or unusual
computational capabilities,
e.g., extended record/playback.

lisu.al Sensors/Displays

Motion Platform/

Other Motion Cueing Devices G-Suits, G-Seats, etc.

Control System Instructor and operation Lon-
trols, panels, etc.

Installation and Facilities Probably cannot be estimated by
Construction/Modification generalized relationships--

dependent upon availability of
existing structures with
suitable environmental systems,
electric service, weight bear-
Lng, flooring, etc.
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Table 6. SUBSYSTEM STRUCTURE SUGGESTED BY AIR FORCE
SIMULATOR SYSTEM PROJECT OFFICE

Subsystem Comments

Cockpit (or Cab) Possibly a nose section of
the aircraft itself, including
functional flight and navi-
gation instruments, dynamic
control loading, and some wea-
pon func.tions. Provides data
processing and flight equa-
tions needed to simulate flight
and to control the instruments
and other subsystems that may
be added to the simulator.

!Motion Cueing Platform, G-Suit, G-Seat,
Harness, etc.

Visual TV map-board, film, GCI,
domes, etc.

Sensors Air-to-Air radar, landmass

radar, etc.

Instructional Features Instructor's console, perform-
ance measurement, malfunction
insertion, automatic demonstra-
tion, etc.

Installation and Facilities Same as Table 5.
Construction/Modification
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this office, it would appear to be applicable at later stages in

system development as system configuration alternatives are

narrowed and engineering estimates become relevant in working

toward RFP formulation and contract selection.

2. Operating Costs

Simulator operating costs are comprised of two identifiable

elements. The firzt, variable operating cost (utilities, main-

tenance materials, etc.), by definition, varies directly and

linearly with the number of operating hours. The second is

that element of operating costs that is fO.xed per unit of time

(year, etc.) such as would be associated with maintenance and

operations crews. (Crew cost is incurred because a simulator

is operated but is conceptually independent of how many hours

It is operpted). In assessing simulator costs, particularly

when the assessment involves comparisons between simulators,

between simulation and flying, or between alternative training

programs, interest will center on the cost per unit of use

(e.g., operating hours), and fixed operating cost per hour is

an inverse function of hours operaoteO per time period (week,

month, etc.). 1

These two types of operating costs combine into a simple

relation for estimating total simu?.ator operating costs associ-

ated with a training program. For each simulator model em-

ployed the total is the sum of total hours utilized times vari-

able (hourly) operating cost and total inventory time fixed

operating cost. Although the relation is conceptually simple
determination (or estimation) of both variable and fixed operat-

ing costs appears to be beyond the current data bases oP the

lAdaptability and the impact of scale of operations blur che conceptual
neatness. Increasing the number of simulators operated at a given loca-
tion iray imply a less than proportionate increase in the number of opera-
tions crews required; maintenance crew size may be partially adjustable
to actual hours logged, and the extent of adjustment can be expected to
increase with the passage of time, etc.
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services. The requirements for and availability of simulator

cost information are discussed in the chapters that follow.

On the basis of the discussion in this section, Table 4

may be modified to incorporate explicit considerations of simu-
lator costs. The expanded set of cost elements is shown in

Table 7.

2
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Table 7. REPRESENTATIVE COST ELEMENTS OF FLIGHT AND SIMULATOR
TRAINING--BY LEVEL OF TRAINING

Transition Continuation
Undergraduate By Seat By Seat Full

T 1 - 121 Crew

Academic Training

Operations
Pay & Allowance- ..".

Instructors
Instructional Support Personnel

Training Device Maintenance
Training Materials

Investment
Training Device Procurement

Flying Training
Operations .,

Instructor Pay & Allowances
Munitions Expend.sd
Variable Aircraft Flying Costs ' " '-"

Base Maintenance Labor .'
Buse Mairtenar xe Materials1

Depot Maintenance & Mod.

Investment
Aircraft Attrition & Procurement

Simulation Training
Operation-,

Instructor Pay & Allowances
Student TAD/TDY
Simulation Costs

Simulation Operations Labor
Base I Maintenance Labor
Base Maintenance Materials
Depot Maintenance & Mod.

Investment
Simulator Pocjreprert

2

Student Pay & Allowances

Training Sup$-oet
Operations

Pay & Allowances
Unit Commond/Ad'nin. /Operations
Base Oper./Medical Support Pers.

Facililies Maintenance Material
'nvestment

Training Program Development -

Ilncludes POL, replenishment spares, other base materials.

2 !ncludes directed development.
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IV. RECURRING SIMULATOR PROGRAM AN[- ..- T INFORMATION

This and the following chapter conta~n (respectively) dis-
cussions of simulator information reporting and study require-
ments levied by the Department of Defense and military department
headquarters. These are distinct requirements serving separate
purposes, and the sources of information and formats in which
each is presented may be quite different. In each case, however,
the information should provide inputs for assessing cost trade-
offs (between different simulators and between simulation and

flight) and for estimating costs of hypothesized training

programs.

Reporting system requirements typically specify precisely
the information to be reported, its format, and the frequency of
submission (annually at a minimum). A further requirement is
that when the information contains projections of future activi-
ties it shall be consistent with approved program3. The Depart-
ment of Defense has levied a requirement on each of the services

for annual documentation of their planned simulator programis
(including both procurement and utilization schedules). The
nature of this requirement and the response of each service is
discussed below. In addition, the Air Force has revised end ex-
panded its own periodic reporting reqoirements, and this is also

discussed.

A. THE DEPARTMENT OF DEFENSE REQUIPEMENT

This has become generally known as the 'POM backup material.'
The requirement has been in effect for three budget cycles and
represents the bulk of such information available. It is set
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out in the Special Analyses section of Part 2 of DoD Manual

7110-1-M. The reporting Instructions are reproduced as Appen-

dix B, and the reporting format is shown in Table3 8, 9, and

10. Exhibit ST-I (Table 8) Is a service-wide suminary. Exhibit

ST-2 (Table 9), a summary by w apon system, is submitted for

each aircraft type employing siinuLators ir its training program.

Exhibit ST-3 (Table 10) provides detailed back-up to the weapon

system summary. Paragraphs 1 througn 5.A are submitted for

each major type of simajlator used in each aircraft training

program. Paragraph 5.B (submitted once for each aircraft

type) stratifies a portion of training device detail according

to the level of training supported.

The instructions for completing the forms are contained in

Appendix B. Note that what is requested is primarily information

rather than historical data. Since this is the case, there is

little way to verify what is presented. Note also that the

instructions lend themselves to a variety of interpretations.

There is evidence that they have been interpreted differently

by the service components and that a significant amount of the.

information requested has not been supplied as a result of the

ambiguity.

B. AIR FORCE

The Air Force is currently implementing (or planning to

implement) several actions that should have a significant

impact on the quantity and ;uality of training device data

generated. In addition to extending data collected, reporting

procedures will be more formalized, permitting tracking of data

sources and consistency. Currcntly, the POM backup is eclectic

and it is not evident that data from various sources is coordi-

nated. For several items, alternative sources are available,

and some level of duplication may persist when planned reparting

systems are implemented.
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1. Current POM Backup Data

The material is assemoied and printed by the Director of

Budget, Air Yorce Comptroller, from sources described below.

Training device inventory, utilization, and displaced flying hour

projections are provided by the Directorate of Operations and
Readines:s, DCS for Plans and Operations for all simulators except
those employed by the Air Training Command (ATC). Similar

information for ATC training is provided by Director of Personnel

?rogyams, DCS Personnel. These offices have direct cognizance

over, the location of simulator inventories and obtain planned

utilization and displaced flying hours from surveys of field

commanders. The inventory information is published in the

"Special Training Equipment Program" (STEP), and the utilization

and displaced flying hour information is published in the PA-CMD-

2 (one volume of the Air Force P-series of planning documents).

These documents are mutually consistent, are c, sistent with

the FOM, and project over the same horizon as une POM. Historical

utilization date are available in the "World-Wide Trainer Equip-

ment Inventory, Uti.tization Status Report" (RCS, HAF-DPP(M) 7103).

Projections of yearly O&S costs (Paragraph 4 of Form ST-3)

are obtained from field surveys conducted by the Director of

Budget, Air Force Comptroller but the cost-per-hour estimates

contained in Paragraph 5.A.2 of the same form are obtained from

the Directorate of Management Analysis.'

The Management Analysis estimates are based on collecti.:n

of historical data and, hence, are provided only for currently de-

ployed devices. It was not possible to verify coordination between

the O&S projections obtained by field survey and the historical

data provided by Management Analysis, nor between the O&S cost and

'Althoughit is not noted as such, the cost per, hour races include only base
level costs. The data developed by Management Analtysfs is discussed below.
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utilization rate projections (provided by the Directorate of

OperationE and Readiness.

Procurement costs cited in Paragraphs 4 and 5.A.2 (Form

ST-3) were obtai,.eid for-m the Directorate of Development and

Acquisition of DOS Research and Development folr devices not yet

procured and from DCS Systems and Logistics for those currently

in the inventory. Tn the case of existing equiprment, contract

records were used, but how these data were interpreted to

arrive at "initial device acquisition cost" is not known. They

are not, however, based on contracted studies or estimates

provided by the simulator system project office.

2. New or Developing Data Sources

The Comptroller of the Air Force and the Air Force Logistics

Command have initiated a two-part program to collect simulator

operating cost data on a recurring basis. Base-level costs are

being collected through the establishment of cost centers codes

(ledger accounts) for simulators. The base-level system has

been initiated and forms the basis for the cost-per-operating

hour developed by the Directorate of Management Analysis.

Development of depot cost reporting has been assigned by AFLC

to Warner-Robins Air' Logistics Center for computer system costs

and to Ogden ALC for all other costs. To date, the system has

not been implemented.

The Directorate of Management Analysis has received one or

two years of simulator base operating cost and utilization data.

Some general characteristiCs of the data received are shown in

Table 11. Which simulator models represent one year of data

and which two are now known. The data received consists of

man-years (that does not include instructor time), utilization,

materials, and utilities costs. Man-year data were converted

to personnel costs through factors contained in USAF Planning

Factors (AFR 173-10). Since these data originate at individual

operating bases, separate reports would have been received for each
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Table 11. SIMULATOR BASE-LEVEL DATA REPORTED

Number of Simulator Models Reported 35

Number of Simulators Reported 197

Number of Simulators per Model: Range 1 to 19

Number of Simulators per Model: Average 5.6

Pverage Weekly Utilization Hours, by Model:
Range 22 to 99

Average Cost Per Hour by Model: Range 42 to 245

Data Items Reported: Number of Simulators
Utilized Hours (Year)
Man-Years: Officer

Enlisted
Civilian

Supplies Cost
TDY Cost
Utilities Cost
Equipment Cost

Derived Personnel Costs: Pay & Allowances; Military
Civilian

Base Operating Support
Medical
PCS
Personnel Acquisition
Trai ni ng

Note: In aidition to the numbers above, information was

received on three procedures trainers, 71 T-37 simulators

(Model T-4), and 8b T-38 trainers (Models T-7/T-?6).
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location of each simulator model. Considering the number of

individual simulators reported and the number of individual

reports likely to have been received, the data set should repre-

sent a variety of equipment characteristics and a variety of

utilization rates. It is rather early to assess the validit;

and sufficiency of data reported, but, on the surface, it

appears to provide a basis for estimating operating costs on

the basis of physical and performance parameters and utiliza-

tion rates.

A s'econd source of new data is the planned r,- .sion of

STEP. Responsibility for this program rests with Directordte

of Operations and Readiness, DCS Plans and Operations. The name

is to be changed to "System Training Equipment Program," and

the format is to be expanded and published in two parts. Part

1 will contain estimated acquisition costs a,d a na.rrative

description of each simulator model's characteristics. Part

2 will contain inventory and utilization projections. The

system is to be automated with periodic reports distributed by

ZCS Plans and Programs and Resources. Utilization rates will

be coordinated with the PA-CMD-2. Part 2 was released in

July 1-977.

Later versions of Part 1 may also contain projectlons of

estimated operating costs. Should this come to pass, the esti-

mates will be developed in conjunction with the Comptroller of

the Air Force but not through the Directorate of Management

Analysis. This has some logic, since STEP is a projection while

the Management Analysis effort is concerned only with historical

c.ta. However, the Management Analysis project should result

:'n estimating relationships that would provide the basis for

IThe i,.iy general source of physical characteristics currently avvilable is
Standard Aircraft Flight. Simulator Characteristics (Orange Book). The
n material it contains is generally limited to statements of facility-e-
qurenin.-s of different si-i.alatr mndels (floor space, size, weight, power
requirenents, etc.).
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new equipment estimates, and some of the same simulator models

will undoubtedly be contained in both the projections and in

the current operations data. How these would be coordinated

cannot b': answered at present.

C. NAVY

The Navy POM backup material (at least the s:Lmulator data

items) are pretty well centralized within three small offices

of the Aviation Manpower and Training Division of the Deputy

CNO for Air Warfare (NAVOP 59). (Tie data associated with air-

craft and flying hours originates the Aviation Programs Division

of Deputy CNO for Air Warfare, NAVOP 51.)

The Navy has incorporated the ST series data displays as

an irtegral part of their own training device management

process. In addition, these displays come close to exhausting

the simulator data developed within the Navy. At the same time,

this makes it a rather simple process to describe how the POM

is put together and next to impossible to describe how the data

is developed.

The actual production (printing) of the ST forms is auto-

mated. The formatting and printing, along with calculation of

some of the values, was programmed under contract by a local

company. It is bound into what is called the Black Book and,

together w'.th program and hardware descriptions, forms a basis

for progrim management and the baseline for developing the
following year's sub-mission.

The same office that is rsponsible for preparing the Blacx

.Book (Aviation Training Device Requirements Branch of the Avia-

ntion Manpower and Training Division of Deputy CNO for Air Var-

,fare, NAVOP 596) is also responsible for Navy Department-level

funding of training device procurement, for monitoring items

pout on contract, ana for device deployment. As a result, the
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inventory projections are developed as a part of normal opera-

tioas.

Device Utilization is a combination of survey of operating

commands and the application of a utilization standard. Total

utilization is arbitrarily set at 80 hours per week (except for

procedures trainers where the standard is 40 hours) less an

allowance for unscheduled maintenance. The unscheduled mainte-

naiice allowance varies with type of simulator but never exceeds

700 hours per year.

Fleet readiness squadrons (transition training) are assigned

a first priority for simulator time, and estimates of their re-

quirements are developed from a survey of the training units by

the Tactical Air and Air ASW Training Branches of the Aviation

Manpower and Training Division (NAVOP 593 and 594). Projected

utilization by combat units is taken as the difference betw;een

the total available (based on the 80-1-our-week standard) and

that claimed by the replacement air groups.

Projections of displaced flying hours are developed in a

fashion somewhat similar to utilization. Fleet readiness squad-

.-ons are surveyed by NAVOP 593 and 594. Displaced flying hours

are credited to fleet units by the application of standard

factors--although the factors are not hard and fixed. No dIs-

placement is allcwed for utilization of part task and procedures

trainers. Substitution rates for other devices average two

simulation hours for one flight hour. However, for each simula-

tor, the actual rate allowed is partially subjective and based

on case by case evaluation of individual simulator's---configura-

tion and features, fidelity of response, etc. Total displ.aced

hours projected for fleet units are the product of the calcalated

s'ibstJtion rates and the utilization hours allowed after deduct-

ing the claims of replacement air groups. As they are physically

39



located within 25 feet of one another, communication between

NAVOP 593/594 ano NAVOP 596 is informal. Utilization and

displaced hours projections are transmitted to NAVOP 596 through

personal contact.

The, cost projections contained in Paragraph 4 of Form ST-3

are derived from at least three sources. The Navy has formulated

Its simulator programs so that RDT&E is applicable only to tech-

nology development efforts. Procurement cost projections are

available within NAVOP 596 as a product of their principal

missions. These costs represent amortization of initial procure-

ment costs (typically over a 10-year period) and unamortized

expenditures for major modifications, depot, and contractor

maintenance.

Projections of O&M, military, and civilian personnel, and

construction costs along with manning levels are developed by

the Weapons Training Divisitn of the Assistant Commander for

Logistics/Fleet Support of the Naval Air Systems Command (AIR

413) from information supplied by other commands. Records of

materials ccsts are maintained by the Naval Training Equipment

Center (NTEC) and the Service Division of the Chief of Naval

Education and Training (CNETS) as well as AIR-413 itself.

Personnel man-year projections are made by simulator hol]ing

commands on the basis of anticipated usage and manning and work-

loads standards formulated by the Aviation and Manpower Pro-

grams Branch of the Deputy CNO for Air War.Care--NAVOP 597.

Mai'nIng levels are converted to personnel costs by AIR 413.

Costs of military construction are provided by the Naval Facili-

ties Engineering Command from statements of facilities require-

ments provided by AIR 413. The projected costs are made avail-

able to NAVOP ')96 in ar- informal manner--rather than as the

result of an identifiable and formal reporting requirement.

Cost per device hour (Paragraph 5.A.2 of Form ST-3) is a calcu-

lated value based on the O&M and nilitary personnel projections

in Paragraph 4i and projected .utilization rather than data
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developed through operational experience. As a result, it is

directly proport~ ona). to uti2i~zation.

Descriptive information (requested in Paragraph 3 of ST-3)
is gat-hered into a separate volume. It is based on material.

extreacted from the Directory of Naval Training Devi-2es published

t,-, the Electronic Supply Officc.

D. ARMY

The Army simulator program differs significantly from

either those 01' tlhe Navy or Air Force. The aircraft inventory

is dominated oy rotary wing craft, and rvughly 75 percent con-

sists of two models (both small--the UH-1 and OH-58). All

newly graduated pilots are assigned field unit duty in one of

these two, and t11he UH-l is tne basic vehicle for undergraduate

training.

Understandably, the simulator p~rogram has cenitered on the

UI{-l flight s~mulator (the model 2B214), and it will acccunt

for close to 900 percent of simulator cockpits planned to be

available in fiscal year 1981. Currently, the total Army inven-

tory consists-of approximately one-third of a planned buy Of

29 model 2B24 .,omplexes (with four cockpits each) and six

simpre cockpit procedures trainers (model 2C35).' Two to three

years operating experience has been gained with the 2B24, but

all other information contained in the POM back-up materials is

whglly estimated.

The Army has established the Office Program Manager forý

Training Devices (PM TRADE) wit",. the contract, funding, and

monitoring functions normally associated with project offices

'IOT he of zAyi mutor prototypes for the CH-4e7 and sig i prototypes is scheduled
to begin during calendar 1977 and the Are. is planning to modify soime
nrer ow model. 2B12 general procedures trainers to a generalized helicopter
coftin ration.

it ?- UIn contdrast with Air orce practice, training device funding Is separated
fr--a weapon procureaient, permittig the program nrager independence in

e i'A teornological ast scheduling decisions.
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Its charter specifies that this office will manage all contracts

on a life-cycle design-to-cost philosophy, will monitor both

procurement and operating costs, and will provide all life-

cycle cost estimates through completion of program acquisition.

PMTRADE, then, becomes the repository (if not the original

source) of all data contained in the POM materials, at least

through a program's acquisition phase.' Once fielded in operat-

ing units, data is developed and reported by the owning organi-

zations. Note that at any time during.a system's life-cycle

special studies may be initiated by any organization with author-

ity for its design, procurement, or use with the resulting data

becoming the property of the initiator. All cost data, regard-

less of source, are monitored at Department of the Army level

at two points. Procurement cost and delivery information flows

to the Department of the Army System Coordinator (DACS) for

aviation training devices in the Aviation Systems Division of

the DCS for Research, Development and Acquisition. Operating

cost information flows to the Requirements Division of the

Requirements Directorate, DCS for Operations and Plans.

Simulator inrventory deployment, utilization, and flying

hour substitution information emanates from two sources within

the Army Staff, depending upon whether devices are deployed to

formal training establishments or field (combat) units. For

field units, deployment of devices and the establishment of

utilization and substitution rates rests with the Combat

Division of the Requirements Directorate of DCS for Operations

and Plans. Deployment is based on "basis of issue plans" (BIOP).

The only firm plan at this date is for the UH-1 flight simulator,

and this was issued in the form of the Army message (really a

'A special corn!mderation is involved in the UH-l simulator operatiii costs.
All maintenance on fielded complexes has been performed under a single
maintekAnce contract that has been renewed on an annual basis. Contract
provisions and incurred costs are a Joint -esponsibility of the program
manager and the Aviation Systems Command.
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series of' messages, sinc~e it has been updated numerous times).
TUtilAzation standards are izsued from this office, also in the

form of a message, on the basis of an Army Regulation setting

maximum levels of substitution between flight and simulation

and prior field experiments. This regulation (Army Aviation:

General Provisions and Flight Regulations--AR 95-1) is currently

under review and revised substitution levels can be expected on

th~e basis of current field testCing. 1

All formal Army aviation training is conducted at Ft. Rucker;

the 2B214 prototype and first five production articles were de-

ployed there. Device utilization is based on proJected training

loads and syllabus requirements, all of which are furnished to

the Training Division of the Directorate of Military Personnel

Management, DCS for Personnel. Substitution ef flying hours is

based on a ratio of one to one established through testing with

the prototype unit at Ft. Rucker. These data elements for both

the field units and Ft. Rucker are consolidated and submitted

in the POM back-up.

'Since this informa.tion was first gathered, AR 95-1 has been reissued,
dated 15 Januaryj 1977., providing for an annuall mdn~iimz simulator training
requirement at a considerably higher lpvel than the annual maximi.un
specified in the previous AR 95-1 version.
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V. COST/EFFECTIVENESS STUDIES SUPPORTING SIMULATOR
PROCUREMENT PROPOSALS

The ultimate requirement for cost/effectiveness analyses

of military systems lies in the guidance contained in Depart-

ment of Defense Instruction (DODI) 7041.3, R.conomic Analysis

and Program Evaluation for Resource Management. Its specifica-

tions have been implemented in each of the three services by

the issuance of an instruction that, in effect, does no more

than paraphrase the initial instruction. 1 Each of the Services,

though, had previously or has since issued instructions that,

in total, spell out procedures for satisfying the DoD require-

ment. The remainder uf this chapter discusses the nature of

DODI 7041.3 and the services' responses in the area of flight

simulators.

A. THE NATURE OF DOD INSTRUCTION

DODI 7041.3 is a statement of overall policy with regard

to analyses and specifically sets a oroad scope of applicability.

It expressly identifies both new and on-going projects as candi-

dates for analysis. For new projects, analyses are to be made

before program on-set (i.e., before resources are committed.)

7ot on-going programs, analyses are to be performed whenever

certain broad conditions are recognized. (Specifically men-

tioned are changes in program scale, changes in target perform-

ance parameters, changes in study assumptions, arid the appear-

ance of new alternatives.) What comprises a project is not

expressly defined, and an exemplary listing of candidates,

1Fcr exanple, the DoD Instruction is implemented in the Navy through
SECNAV R 7000.14B. This instrdction consists of a two page Introduc-
tion W.th DODI 7041.3 forming an enclosure.
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shown in an enclosure, includes activities ranging from new

weapon procurements and force structure trad?-offs to changes
4.n support facility (supply, maintenance depots, etc.) procedures

or organization. Since one alternative to a proposal (whether

it be a new weapon, a change in a training program, or whatever)

is to continue the current system, anything different may be

considered as a candidate for analysis.

This broad range of application may be contrasted with the

almost total absence of specifics regarding the nature and con-

duct of studies. Nine elements of a "complete analysis" are

identified and discussed individually. 1 However, the discus-

sion is prefaced and the qualification that it represents only

general, rather than specific, guidelines and explicitly notes

that it is "not always feasible to conduct...(analyses)...on the

basis outlined herein; therefore it will be necessary to deter-

mine locally..." discrete areas and priorities of analysis and

the analytical approach, level of detail, sophistication, and

amount of resources devoted to studies. This general nature is

exacerbated by noting that evaluations are not required "when

it can be shown the ... (cost of) ... the analysis would not

be worth ... (its) ... benefits" and that the "method of

documentation ... will usually vary from one study to another."

These qualifications have been incorporated into the

restatements of the instruction by the individual services and

have had a telling impact on the kinds of evaluations made in

support of relatively small procurements--like past simulator

buys. Automatic submission of studies to DoD is not a require-

ment. "Review of analyses at the OSD level will be made on a

selective basis considering time and staffing constraints ...

lTne identification cf objectives, assumptions, constraints on solutions,
and alternativw systems; the estimation and analysis of costs, benefits,
and uncertainties; the analysis of sensitivities; and the ranking of
alternatives.
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Project officers and managers should be prepared to demonstrate

the cost-effectiveness ... and to submit detailed analyses In

support of budget estimates, as provided in ... DoD Manual

7110-1-M, Department of Defense Budget Guidance Manual ... "

(see Chapter IV, above).

B. SERVICE RESPONSE TO DODI 7041.3

For major procurements (as defined in DoD Directive 5000.1),

extensive study efforts can be expected, since they are, in

effect, singled out for intensive review and since DSARC re-

view and SAR reporting requirements must also be satisfied.

However, the costs typically associated with simulator procure-

ments are many times smaller than the dollar thresholds defining

major programs. In like manner, the interest in detailed review

should seem In proportion to a program's budgetary impact. In

fact, it would appear that evaluations in the sense of DODI

7041. 3 to support past simulator procurements have been rare.

(The information reported in re3ponse to the Budget Guidance

Manual--the "ST" forms--falls far 3hort of a literal interpre-

tation of the provisions of DODI 7041.3, and the requirement

has existed for only three budget cycles.) The high interest

and increased budget requests surrounding simulation during the

past several years is bringing a change in this respect. Each

of the services is preparing cr implementing plans for more

extensive evaluation and reporting of simulator utilization and

configuration proposals. However, little in the way of con-

crete results is currently evident, and the remainder of this

chapter primarily investigates the current rather than proposed

practices.

1. Air Force

DODI 7041.3 has been implemented in the Air Force through

Air Force Regulation (AFR) 178-1. Economic analyses of eight
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major simulator programs has recently been directed by Head-

quarters, USAF, and these will be the first studies undertaken

specifically to satisfy AFR 178-1 at that level.' Considering

the size of the Air Force simulator inventory and the magnitude

of the program proposed in its master plan, this can only be

surprising.

The lack of prior studies may be explained, in part, by

the combined impact of the wording of AFR 178-1, the character

of the simulator program, and the USAF system for pý,ocessing

system proposals. According to AFR 178-1 the Directorate of

Management Analysis of the USAF Comptroller is the office of

primary responsibility for compliance and coordination of studies

but has no explicit study review authcrity, except for programs

subject to DLARC approval 'major systems in the sense of DODD

5000.1--Major Systems Acqui3itions). Primary responsibility

for determining when analyses are required (as well as for their

receipt, review, and approval) rests with other USAF Headquarters

offices. As a result, varying standards of analysis may result

and studies accepted as economic analyses that were not speci-

fically undertaken for that purpose and do not contain all its

required elements. One case in point is a study of simulators

for the A-10 system performed by the A-10 SPO and TAC Head-

quarters. Although representing one of the most complete

studies found, it will not satisfy the current study requirement.

Concerning the character of the Air Force simulator pro-

gram, the present master plan identifies 45 distinct simulator

programs applicable to 21 mission aircraft types and to

17he studies are for the following systems; instrument flight system

trainer for undergraduate pilot training, C-130 mission flight simulator,
B-52 instructional system, KG-135 instructional system, F-15 mission
simulator, F-16 mission snlmlaatto, and A-10 mi~ssin sIbulator.
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undergraduate training. 1  Approximately 90 percent of the invest-

ment cost projected is associated with eight aircraft types and

undergraduate training. The currernt study reqiirements include

seven of these aircraft and one type of simulator associated

with undergraduate training. 2

All but two of these simulator programs are either associ-

ated with major weapon procurement programs (currently in or yet

to enter their acquisition phases) or represent major procure-

ments and would be subject to DSARC approval. Analyses that

satisfy the DSARC reviews appear to have been considered as

satisfying the general requirement for economic analysis as

well. In this sense, DDDI 7041.3 is adhered to, but under a

different guise. Note, however, that DSARC reviews of weapon

procurements should concentrate on the PME while giving only

minor attention to relatively small contract items such as

training equipment. Here, an explicit requirement for analyses

of the associated simulators represents new or additional

material required by the DSARC process.

The initiation and processing of proposals for new capa-

bilities and equipments follows the Required Operational Capa-

bility (ROC) process implemented by Air Force Regulation 57-1.

The basic composition of a ROC is no more than a "statement of

need" iden'tifying a deficiency or threat and a "statement of

operational capability," including a proposed operational concept

to satisfy the need. The ROC may also (optionally) include

statements of preferred or alternative solutions and expanded

1 ~je current master plan was published in December 1975 and is presently

considered obsolete. A reissue is planned for September 1977. The re-
issue will involve sane change in format as elU as an updating of pro-
gram proposals and estimites of simulator program costs and savings.

The eith progrmn displayed a poor pay-off potential in the master plan,
is currently not proposed for Puring, and probably will not be included
in the master plan revision. Other undergraduate simulators included in
the master plan also displayed poor payoff potentials, but whether they
will be included in the master plan revision is not knr•i.
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rationale thaL contain estimates of proposed system characteris-

tics, quantities, cost3, and criteria of effectiveness. Costs

and effectiveness are specifically noted with the statement

"if...reason for submitting the ROC is to achieve...reduction

i.n the cost...economic justification and amortization figures

should be presented..."

ROCs are formally submitted tc USAF Headquarters by the

major commands. Their processing is the cognizance of the

Directorate of Operational Requiremaents of the DCS for Research

and Development. This processing involves a sequence of reviews

and approvals from a number of Headquarters offices (including

the Directorate of Management Analysis) and the Air Force sys-

tems and logistics commands and serves as a vehicle for suc-

cessively refining and clarifying the nature of the deficiency

(or threat) and for evolving the equipment (or operational)

concepts proposed for satisfying the deficiency before funding

is requested. The focal point for simulator RO"s stated that

studies are always performed somewhere along this processing

stream, but that the process is informal. They may be contracted

by the Directorate of Operational Requirements or they may be

levied on the proposing major command, and AFR 57-1 prescribes

no format that they must satisfy.

The Air Force must feel that such studies are consistent

with the DODI requirements for economic analysis--that analyses

are not automatically submitted, but that managers should be

prepared to demonstrate cost and effectiveness and to submit

detailed supporting analysis. Whether or not the analyses

supporting ROCs do satisfy the provisionp of DODI 7041.3 would

depend upon their completeness, and this may vary widely from

one case to another. The few observed do. In any event,

analyses are performed, but not ones that can be explicitly

identified with the DoD instruction.
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2.

Discussions with Naval personnel within the Office of the

Chief of Naval Operations (OP 596) and at the Naval Air Systems

Command (AIR 1113) indicates that three time periods are relevant

in considerin6 the Navy's evaluations of flight simulators;

prior to the fiscal year (FY) 1975 submission, from the FY 1975

submission to the present, and subsequent submissions.

FY 1975 marks the first time submission of the "ST" forms

was specified in the Budget Guidance Manual. It also appears

to mark a date when some changes in personnel and organization

occurred in the Naval Air Systems Command office with cognizance

over simulator procurements. No evidence of analyses being per-

formed before that date has been found, even though the formal

review process for approval of procurement proposals appears to

have been the same as at present. Personnel currently assigned

to this office of NAVAIR and to the Aviation Manpower and Train-

ing Division (Deputy CNO for Air Warfare) have been unable to

shed any light on studies from this earlier period.

At the current time short studies (four or five pages) are

routinely submitted as backup to budget requests, although it

is uncertain whether an evaluation (of a given simulator) is

submitted only at the first request for funding or annually

until proeturement is completed. The Assistant Secretaries of

Defense, Comptroller and Manpower and Reserve Affairs are

recipients, as are a number of offices within the Navy

Headquarters establishment.

Two things should be noted about these evaluations. The

first is that they do not appear to satisfy the requirements

of DODI 7041.3 with regard to evaluation of alternatives. The

only alternative to the proposed configuration that is recognized

is no simulator. The second is that all the information thiey

contain would be included in the Statement of OperationP.1
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Requirement (OR) and the Development Proposal (DP) that form a

part of the internal Navy review process pri-or to requests for

research and development funding. This process is descrled

in OPNAV Instruction 5000.42 (Weapon Systems Selection and

Planning) that, inci(§entally, makes no reference to DODI 7041.3.

These studies contain terse statements of simulator

purpose, capability, and IOC in a requirements section. This

is followed by a benefit/cost analysis section listing assumptions

regarding simulator procurement and operations costs, air-

craft flying hour cost, and flying hour substitution. Littl-e

information is provided in the way of data sources or estimating

rationale. The final section consists of two tables showing

expected net savings (discounted) over a 10-year period. A

copy of one study supporting the FY 1978 budget request is con-

tained in Appendix C.

The Navy is currently evaluating its simulator program

management procedures, and it may be anticipated that one

result will be to place an increased emphasis on evaluation and

documentation of future program proposals. As a part of this

effort, the Navy will publish its Aviation Simulator Master Plan

in two phases. Volume I of the Phase I report (recently pub-

lished) describes the Navy program management structure. Volume

II (to be published) will contain an evaluation of the manage-

ment system. The Phase II report will propose corrective

actions to deficiencies identjfied during Phase I arid present

a draft master plan. It is here that the anticipated emphasis

on evaluation and documentation should appear.

3. Army

As noted in Chapter IV, the Army presents a different picture

than the Navy or Air Force. At this writing, the Army operates

one model of simulator (the 2B24 for simulation of the U11-i)
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and has just begun operational test and evaluations (OT&E) of

prototype simulators for the CH-47 and AH-I. In each of these

cases, it has been Army practice to conduct extensive testing

of one prototype before commItting to procurenent for inventory.

In the case of the model 2B24 the program was initiated before

1970. The prototype was delivered and entered into IOT&E dur-

ing Fiscal Year 1971. Six more units were delivered in FY 1974

and FY 1975. The testing of these units resulted in the formu-

lation and verification of a training plan on which a Basis of

Issue Plan (BOIP) was formulated. The first formal econcmic

analysis (formal In the sense of satisfying DODI 7041.3) was

published at this time as back-up to the BOIP.

Tentative BOIPs have been issued for both the CH-47 and

AH-I flight simulators, and preliminary economic analyses have

been performed. At completion of OT&E a final Cost and Train-

ing Effectiveness Analysis (CTEA) will be issued along with a

revised BOIP, and a formal economic analysis performed for

review by the Army System Acquisition Review Council (ASARC).

It is only at this point that funds will be committed to prc-

curement for inventory. This practice points up the fact

that, although extensive prototype testing should pay handsome

dividends in terms of a configuration selection and BOIP, it

is also a time-consuming process. (Delivery of the last buy

of an anticipated 29 2B24 units is not planned until FY 1980).

To the extent that there is an urgency in getting simulators

on-line to displace flying hours, the extensive testing can be

considered to add to program costs. There is a hint that the

Army recognizes some problems with this praetice and that it

will make some changes in future programs in order to field

operational units more expeditiously.

C. IMPACT OF COST ASSUMPTIONS ON STUDIES

The cost-ef2ccti;eness studies reviewed (whether or not

they purported to sa .'sfy the requirements of DODI 7041.3) are
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basically rather straightforward statements of the cost impacts

of substituting simulator for flying hoars in a manner that

would leave unchanged the level and composition of skills

learned. The crucial variables for such analyses are limited

to the rates at which simulator times may be substituted for

flying time and the ratio of (hourly) costs of the two.

Unfortunately, the cost of a flying hour is ambiguous. It

can be, and has been, defined in a number of ways, and the

range of flying hour costs that result from the different defi-

itions is large. Further, definitions of flying hour costs

are rarely provided in studies. The material below presents

alternative flying hour cost estimates for the P-3C gathered

from different official sources and the impact of adopting

these different estimates on the results of a Training Analysis

and Evaluation Group (TAEG) study of a P-3C simulator.

A related type of problem regarding simulator operating

costs is also discussed. Here the problem revolves around

assumptions regarding attainable utilization levels and the

manner in which costs change with changes in utilization. Ex-

plicit evidence of an impact on the studies reviewed was not

discernable in their documentation. However, the potential

exists, and its magnitude on study conclusions might equal

that of the variatiois in flying hour cost definitions.

1. The Structure of Aircraft Systems' Costs

Not all military costs can be associated witn individual

weapon systems or program elements (for example, costs of

higher echelon military headquarters and overhead costs of

central supply establishments). Costs that can be associated

with individual systems are relevant for life cycle cost and

cost/effectiveness studies and can be grouped into two cate-

gories. The first consists of those that are incurred due to

the existence of a weapon system in the force. The second
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consists of costs whose magnitudes vary witi the manner in

which systems are deployed and operated in the peacetime

environment.

A categorization of costs applicable to estimabing the

life-cycle costs of aircraft systems As shown in Table 12. The

operating cost elements are a rearrangerment of those employed

by the Navy Resource Model (NARM). The level of fixed operat-

ing costs are estimated on a bas01s of the number of aircraft

assigned operating units. Variable operating costs are esti-

mated on the basis of hours flown by these aircraft under

peacetime conditions.

Which of these elements would be applicable to a system

study would depend upon the ground rules or assumptions lying

behind the study. For example, in comparing two hypothetical

or new aircraft systems, all elements would be relevant since

no costs have been incurred (or sunk). That is, all costs

associated with one system would be avoided should the other

be the "winner". Should the study be between an existing

aircraft system and a new one (proposed as a replacement) R&D

and procurement costs would not be relevant to the current

sytem since they would not be avoided if it were, in fact,

replaced.

in evaluating the benefits to be derived from simulation,

criteria must be developed for distinguishing between those

cost elements that are relevant from those that are not, and

these criteria result in different sets of relevant elements

from one study to another. If squadron manning levels would

not change with the introduction of simulators, personnel costs

would be an irrelevant cost element. Should a study concern

lWhere personnel costs are based on the number of aircraft in inventory
it would be assumed that the operating units are manned at levels
sufficient to perform their ccmbat missions rather than at levels
desigied to support peacetime operations.
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Table 12. CATEGORIES OF COST

Investment Costs
Aircraft Research and Development
Aircraft Program Procurement

Fixed Operating Costs

Direct Military Personnel'
Indirect Military Personnel 2

Standard Depot Level Maintenance (SDLM)
Logistics Support
Base Operations Material and Contract Labor
Training Material
Medical Material and Contract Labor
Recruiting
Temporary Additional Duty (TAD)

Variable Operating Costs

Aircraft POL
Base and Intermediate Level Maintenance Material
Replenishment Spares
Aircraft Engine Overhaul
Aircraft Component Overhaul

iIncludes basic pay; allowances for subsistence, quarters, and clothing,
hazardous duty pay; employer (Navy) Social Security contribution,
permanent change of station (PCS) moves, and other pay and allowance items.

2lncludes personnel associated with base operations, medical and health
services, training, recruiting and examining, and transient personnel.
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a n.ew aircraft system (one yet to be procured, like the F-16)

the use of "imulation should result in a sinaller number of

aircraft required for transition training. If aircraft assigned

to transition training had no combat mobilization assignments

so that a smaller number of aircraft would be required, in total,

the smaller buy would represent a cost reductiorn resulting from

simulation, so that aircraft procurement costs woald be a rele-

vant cost element.

Unfortunately, neither the assumptions necessary for

separating relevant and irrelevant cost elements nor the com-

position of flying hours costs were made explicit in any off

the economic and cost/effectiveness analyses available to this

study. Since flying hour costs vary widely as a function of

the cost elements assumed relevant, the impact on assessment of

simulator proposals is major. This is shown below in terms of

variations in P-3C flying hour costs found in official docu-

ments and the impact on evalu.iation of the model 2F87F OFT.

2. Impact of Flying Hour Cost Variations in Assessment
of the P-3C OFT

Six different P-3C flying hour cost levels were found in

four Navy data compilations and one simulator study as shown

in Table 15. Tne cost 6tiucture was explicit for ihree nf

these levels and is shown in Table 14. (In the case of the

Navy Program Factors Manual, total operating costs were used

as a base since this value was used in the Training Analysis

and Evaluation Group (TAEG) report that is discussed below.)

The values shown from the OP-20, Flying Hour Cost Report, and

the Aircraft Program Data File seem to have the same composi-

tion. The Flying Hour Cost Report is based on FY 1976 actuals,

and the OP-20 report cost per hour values appear to he based

on Cost Report materials. The Aircraft Program Data File value

reflects two years of anticipated escalation. In the case of

the NAVAIR analysis of the 2F87F, no explanation is available
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Table 13. P-3C COSTS PER FLYING HOUR AND SOURCES

Cost Per
Flying Hour Source

(Dollars)

2284 Navy Program Factors Manual, Chief of
Naval Operations (OPNAV-9OP-02), I July
1976, FOUO.

1255 Cost Effectiveness Analysis, Procure-
ment to Provide P-3C Aircrew Trainer(Replacement i2FF OFT, Naval Air Systems CommandAir Groups) (Air 4), 5 January 1977,

(Fleet Squadrons)

602 Aircraft Program Data File ýADPF),

Chief of Naval Operations (OPNAV 511),
January 1977, Secret.

446 Flying Hour Cost Report (line printer

(isting), Chief of Naval OperationsS(Atlantic Fleet) (OPNAV 511), August 1976.

418

(Pacific Fleet)

433 OP 20 Report (line printer listing),
Chief of Naval Operations (OPNAV 57C),
September 1976.
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for the higher POL costs o: for the higher costs associated

with replacement air group training. In the latter case a

likei, reason is to assume a decrease in aircraft maintenance

and operation personnel requirements. This would be justified

on logical grounds only in the. case that replacement air group

aircraft and personnel do not have combat mobilization assign-

ments so that personnel allowances could actually be decreased.

The total operating cost level developed from the Navy

Program Factors Manual ($2284/flying hour) is of special In-

terest since it was this value that was used in the TAEG

Report No. 42 (Training Effectiveness Evaluation of Device

2F87F, P-3C Operational Flight Trainer) discussed in Chapter

IV and Table 10 of Volume I of this study. The table is re-

peated here as Table 15. The large cost decreases claimed by

the TAEG report would be logical only if it were assumed that

the 2.8 aircraft released from this assignment (.7.0 - 4.2) were

1) deactivated and all the personnel required for their opera-

tion and maintenance released from Naval scrvice or 2) re-

assigned to other peaceLime missions that would have been

pursued by the procurement of 2.8 additional aircraft and the

personnel necessary for their operation if the 2F87F OFT had

not been procured.

It is only under one of these assumptions that the $22004

can be considered as the incremental decrease in costs assoc-

iated with use of the simulator, and it is only the incremental

changes in cost that are relevant for comparing with the

ratio at which simulator and aircraft hours may be substituted

for assessing the efficiency or simulator utilization. If the

two assumptions above could noL be accepted (or confirmed) some

other value for variable flying hour cost--fir example, the

$650 shown in the Navy Program Factors Manual--would be re-

quired for a logically consistent evaluation. This presents

a quite different picture of attractiveness of the 2F87F.
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Table 16 displays the impact of using the other flying hour

costs given in Navy source documents where impact is measured

in terms of changes in the device amortization period. The

TAEG study assumed a useful life of the Simulator to be 10

years. On this basis, the efficiency of simulation is marginal

at variable flying hour costs in the neighborhood of $550 to

$600,

3. Simulator Operating Costs

A similar problem arises regarding the variable costs of

simulation that is well illustrated by current Air Force

practice. The effective utilization of simulators is deter-

mined by two factors; the proportion of time a simulator is

available for use (up-time) and the demand for simulator time

(student load times simulator hours per student). Base level

simulator operating and cost data collected by the Directorate

of Management Analysis, Comptroller of the Air Force indicates

an average utilization of approximately 40 hours per week

while Air Force policy has set 80 hours as a standard or

target)i The data collected hy the Directorate was organized

tnto the categories shown in Table 17.

The problem arises in that the total of these simulator

costs have been considered as fixed and independent of the

number of hours used. While some of the elements may be truly

fixed (oi- fixed within range" of utilization) it is impossible

to justify that all or even the majority are fixed for all

usage levels. If the (hypothetical) per hour costs at 80

hour utilization rates are used in analyses or used as a basis

for estima.ing operating costs of proposed simulator configura-

tions, the result will be arbitriarily low values favoring

lEach of the services has postulated utilization rate standards between 60
and 80 hours per week.
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Table 16. IMPACT ON P-3C TRAINING COSTS OF ALTERNATIVE FLYING
HOUR COST ASSUMPTIONS (Thousands of Dollars)

Source of -l Vmortization
Flying Hour Item Control Experimental Cost Period

Cost Assumptionj Group Group Difference (Years)

TAEG Report Cost Per Flying Hour 2,284 2,284
No. 42 lAnnual Flying Cost 6,853 4,112
(Navy Program Annual Trainin2
Factors Device Cost 256 512
Manual) Annual Total Cost 7,109 4,624 2,485 1.7

NAVAIR Cost Cost Per Flying Hour 1,255 1,255
Effectiveness Annual Flying Cost 3,765 2,259
Analysis Annual Training
Readiness Device Cost 256 512
Group Annual Total Cust 4,021 2,771 1,250 3.4

NAVAIR Cost !Cost Per Flying Hour 795 795
Effectiveness !Annual Flying Cost 2,385 1,431
Analysis; j Ainual Training
Fleet Device Cost 256 512
Squadron Annual Total Cost 2,641 1,943 698 6.1

Aircraft Cost Per Flying Hour 602 602
Program Annual Flying Cost 1,806 1,084
Data 1 Annual Training
File Device Cost 256 512

IAnnual Total Cost 2,062 1,596 466 9.1

OP-23 and Cost Per Flying Hour 433 433
Fiying HIour Annual Flvinq Cost 1,299 779
Cost Annual Treining
Reports Device Cost 256 572

Annual Total Cost 1,555 1,291 264 16.0
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Table 17. AIR FORCE SIMULATOR OPERATING COST CATEGORIES

F ?,ilitary Pay and Allowances'

Civilian Pay and Allowancesi

Temporary Duty

Permanent Change of Station Moves

Personnel Acquisition and Training

Base Operating Support Personnel
(Cost)

Medical

Supplies

Equipment (Minor)

Utilities

!Includes only simulation nraintenance and operations personnel.
Costs of students, instructors, and other instructional
support personnel are ignored.
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extensive simulator usage. In the light of the recent USAF

utilization, base-level costs could be understated by up to one-

half.

A further point is that these values are averages and

averags are irrelevant in setting limits to efficient usage.

Determ:.nation ot" the limits is doveloped in Appendix A on the

basis of equality in the ratios of incremental or marginal

learning to cost. Learning substitution rates between simu-

lation and flight are expected to be nonlinear and to increase

as simulation is increasingly substituted for flight. (That

is, as simulation is increasingly substituted for flight a

greater amount of simulation time will be required to substi-

tute for one hour of flight.) The implication of zero vari-

able operating costs of simulators (and ignoring costs associ-

ated with instructor and student time) is that increasing the

levels of utilization of (existing) simulators will continue

to be efficient so long as any learning results.l

iIncreasing rates of substitution are equivalent to convexity of "product
isoquants" as, defined in Appendix A (see Figure A-2).

L = f(A.S);

where L = learning
A = aircraft hoears
S = simulator hours

The slope of the product isoquant, at any point is defined as the relative
learning transfer rate and is equal to the value,

Sufficient conditions for convexi y are that
LAS > 0 and aL/MA > 0;

S2w S2 < 0 and 2 <0.

Then, given the cost function

C = (aA + *) + kS + 6);

(footnote continued on next page)
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where C = total cost

a = incremental aircraft operating cost

a = incremental simulator operating cost

S= fixed aircraft operatin g cost

6 = fixed simulator operating cost

(A and S as above)

The slope of the budget-line (Appendix A, Figure A-i) is

aC/aS

and ac aC 2 2

a--A> a> 0, a - 0
aA as

Beyond some point of simnilator utilization

DL/aS C/,aS
WL/;A aC/aA -

However, if aC/aS = 0, efficient simulator utilizatioin will continue to the
point where KC/1S = 0.
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VI. GENERALIZED MODEL FOR ESTIMATING TRAINING COSTS

"This chapter describes, in general terms, the structure

of a model for estimating costs of flight training. It is

important to note that its purpose is not to set out a com-

plete set of procedures or specifications to follow in making

estimates. 1  Rather, it is a general framework composed with
two limited purposes in mind. First, it should provide a

simplified picture of the sources and structure of training
costs. Second, it is intended as a general framework for

identifying and assessing data requirements. Three considera-

tions were instrumental in shaping its development.

1. The model should emphasize the differences in esti-
mating costs of different training modes and
equipments.

2. It should provide a single estimating structure for
all levels of flight training (undergraduate, transi-
tion, and continuation).

3. This basic structure should be capable of addressing
a wide (but unspecified) range of questions associated
with training and the use of training equipments.
That is, it should become a generally applicable esti-
mating tool through only extensions or minor changes.

Since the model is put forth as an explanatory device, it

contains a number of gross simplifications over what would be

found in a model specifically to be used to estimate training

program costs. Some of these simpiificationu have been

lInconpleteness of the model is easy to recognize. Relationships are
specified in general termi and sometimes do not include the functional
form. The specification of cost elements is probablyr incomplete for
many particular study questions. Hopefully, it captures the general
nature of flight training and the primary drivers of training cost.
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discussed above and some more will be discussed below. There is

one, however, that deserves discussion at this point.

The model is cast in that timeless static context typically

associated with life-cycle cost estimates of individual weapon

systems. The costs estimated are limited to system-unique (or

training-program-unique) development and investment requirements

and steady-state annual operating costs. As a result, the model

displays no sensitivity to the timing of costs or to budget im-

plications of program alternatives. Further, it is incapable

of addressing inter-weapon system or servlce-wide impacts. The

importance of these interactions for both the development of

training programs and simulator development policies was, discussed

above. These are pertinent topics, and their absence represents

a significant shortcoming of the model as it ls currently des-

cribed. However, it should be noted that the model can be

expanded without changing its general nature to incorporate

both time and the interrelationships between training programs

and impacts of alternative overall simulator policies. That

is, the structure is consistent with time-phased force structure

cost estimating. The fact that its explanation is not cast in

this light is one of convenience. The introduction of time

and numbers of training programs (like weapon systems) involves

a cumbersome and repetitive computational notation that would

detract from its real purpose--that of explaining the general

structure of tralnLng cost estimating and identifying data

requirements.

The three sections of this chapter that follow discuss

three distinct stages of the estimating process. The first

is determination of training J.oads--rhe number of individuals

or crews to be trained per time period (say, one year). This

is a quite straightforward process ard its discussion consists

*of little more than the set of mathematical relations by

,which loadE! may be determined.
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The second stage consists of determining what is called

the level of training activities. Training programs are

generally described in terms of the number of classroom hours,

flying hours, etc., that each student must engage in. The term
"activity level" refers to the total classroom hours, flying

hours, etc., per time period implied by the training load when

one accounts for class size (for academic training), aircraft

1fyIng hours, by aircraft type, per credited student flying

houri, e-c. Determination of act4lv'ty levels is not straight-

forward, and, indeed, it is not obvious that is amenable to

modeling in the strict serlse of being reducible to mathematical

relationships. As a result, no set of relationships has been

attempted. Instead, a discussion of the modeling problems is

presented in Section B, below.

Once the level of training activities has been determined

(by whatever means), the estimation of cost Is conceptually

straightforward. The final section of this chapter assumes

that three key parameters describing training activity levels

can be determined and goes on to set out mathematical relations

by which total training activity and training costs may be

estimated.

A. DETERMINATION OF TRAINING LOADS

The ultimate determinant of training loads is the force

level (number of UE aircraft) or combat and supoort systems.

Since continuation and transition training are wholly associated

with one aircraft modtl, the determination of loads for both is

a transition and continuation training function of this force

level. On the other hand, undergraduate flight training is

IDifferences between aircraft flying hours and credited student flying
hours result from such causes as instructors flying in chase aircraft,
students occupying more than one seat of multi-seat aircraft, unsatis-
factory student performance requiring reflys of training missions.
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common a(cross aircraft types, and undergraduate training loads

must be determined by reference to the force levels of all

aircraft types or must be assumed. 1

Determination of training loads for continuation and

transition training is s" own in Figure 2 and the follcwing

relations, The co.. .. nuat.on taining load for one type of

aircraft for one year is determined as follows:

For complete crews,

CL = (FL) (CR)

and, additionally, for each crew set (i),

CNi = (CL) * (CC.)

where CC.: Crew Composition; Number per Crew,
Crew Seat i

CL: Number of Full Crews
CNi: Number of Crew Required, Seat i

CR" Crew Ratio

FL: Force Level, namoer of UE Aircraft

Required outputs of transitiona.1 training arise from the

combining of reassignment rates and number of asbigned crews;

TO. = (RR) * (CHi)

but the effective training load must account for tPainee

attrition (or wash-out). Assuming attritions on.nar linearly

across the training period; 2

TLi = TOi( 1 Ti = (RR) (CNi)/( 1 TA i)
2/

ITh'. Navy system of pilot specialization during uizdergraduate training re-
quires a further specification. Each of the three specialties (jet, pro-
peller, helicopter) represent a separate track duriLg soxe. pc..tion of
under.-radua* - -a1tnig.

21Me iffract of the linear attrition as3u•tption in effective load is accotuted
Sfor y a halving of the attritio, rat,:.
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where RR: Crew Rotation (Transfer) Rate

TA.: Transition Training Attrition Rate, Seat i

TLi: Effective Transition Training Load, Seat i

TO.: Transi!ion Training Output Required, Seat i

If loads for undergraduate training are not assumed they

may be developed according to Figure 3 and the relationships

that follow. The aontribution of each aircraft type to under-

goaduate training ,oads is the result of the numbers of persons

iequired to occupy each crew seat and what will be called

"flight crew attrition"--the loss of personnel qualified for

flight operations. In addition to retirement and resignation

associated with normal personnel attrition, it includes dis-

qualification from flight status for such reasons as age, grade,

and physical causes. Similar to transition training, the

effective undergraduate training load includes allowances for

training received by those who subsequently attrit from the

training program.

UOi = (DRi) • (TCN.)

ULi = UO i/ I - UAi)

where DRI: Flight Status Disqualification (Attrition)
Rate, Crew Seat i

TCN.: Total Number of Crew Required Across all
Alrcraft Types, Seat i

UAi: Undargraduate Training Attrition Rate,
Seat i

UL.: Effective Undergr -uat.e Trainii- Load,
Seat i

UOi; Undergraduate Training Output Requirement,
Seat i

These -elatlonships :.resent a highly simplilied picture

of whet is, in fact, a complex process. As a result, they ignore
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a large number of factors thao impact on actual assignment of

personnel and training loads. Figures 2 and 3 and the

relations ignore requirements for training undergraduate and

transiticn instructors. Determinatiun of these loads is

relatively simple, but their conversions to training activities

and costs is complex, since it would include activities required

of regular students plus activities unique to the instructor

currIcila. In addition, requa-'fication after "loss of currency"

is not considered in determining transition training loads.

These and other complications can be introduced at the expense

of computational complexity to expand the range of questions

that can be addressed and the fidelity and completeness of

analysis. However, the simply derived impacts are useful for

a number of purposes, and such refinements do little to change

the basic process oy which loads and costs are determined.

B. DETERMINATION OF TRAINING ACTIVITY LEVELS

Ideally, for each training couose resulting in qualifica-

tion for one crew seat in one aircraft type, a listing could be

made of an± activities (lectures, training device sessions,

flying sorties, etc.) and each could be associated with a purpose

or skill learned. These might then be grouped according to re-

source used (aircraft type, lecturer, etc.) and skill learned,

be quantified, and be summarized as in Table 18. The totals

thus derived would serve as basic inputs to estiration of

both training cost and training effectiveness for one or a

group of individuals. Hcever, single training activities

contribute to the learning of several skills and pre.ent one-

to-one associations of the two. This is primarily a problem

in training program design--translating required flight skills

into a set of training activities that satisfy the requirements,

in total. This translation is the essence of syllabi develop-

ment, and their organization reflects the absence of one-to-one

relations between what is done and what is learned. Indi'idual
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Table 18. IDEAL ASSOCIATION BETWEEN ACTIVITIES AND
PROFICIENCY GAINED

Activity Hours Proficiency
Sortie Aircraft #1 Skill 1

I
2--
3 ---

Sortie Aircraft #1 Skill 2
I

Sortie Aircraft #2 Skill I
1
2

Session 1 Simulator #1 Skill 1

2 ---
3

Session Simulator #1 Skill 2
1
2

Lecture Skill 1
1

Lecture Skill 2
1
2

Summary

Total Flying Hours: Aircraft #1
Aircraft #2 ---

Total Sireulator 4rs: Simulator #1

Total Lecture Hours:

74



training activities (aircraft sortie3, training device sessions,

lectures, etc.) are specified and as.sceiated with maneuvers to

be performed, subjects to be covered, etc., and frequently with

the time required by each. Syllabi (and other program documen-

tation), then, serve as a bridge for combining training tur-

ricula with student lcads to develop statements of total train-

ing activity rates that povide the basis for estimating train-

ing costs (Figure 4). However, problems exist in this conver-

sion, and their nature is explained below in two contexts. The

first applies, to training programs for all aircraft and pertains

to the way syllabi materials are written. The second is methodolog-

ical and is applicable only to multi-seat aircraft.

All Aircraft: Estimates of costs are generally based on

utilization of equipment and personnel, and program specifica-

tions must be translatable into statements of utilization, not

just events. For example, the cost of an aircraft sortie

depends, in part at least, on the duration of the sortie. Syl-

labi appear generally to be written in a manner that does not

permit quantifying of all requirements. Student sorties may

require chase aircraft that are not noted by aircraft type.

At advanced training levels (especially continuatz.on training)

requirements may be specified in maneuvers to be sucý.essfully

performed without specifying the number of sorties and fly:ng

hours involved. Academic requirements generally do not spe.ify

class sizes and instructor requirements. Since various syllabi

are weitten differently there can be no general rules formulated

for converting these requirements into quantities whose costs

can be estimated.

Personnel newly assigned to a weapon system come to that

assignment with wide differences in experience in both general

flight proficiency and the particular skills required bj that

mission. Compare, for example, a pilot transferred from F-4 to

F-14 aIrcraft with a pilot who has just completed u~idergraduate

training and is assigned tc P-14. To accommodate the twc.,
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transition training syllabi may consist of several sections,
each partially tailored to account for differences in experience

and specifying differ-ent levels of training activities. The
average training received depends upon the particular experienue
mix of the input load, and its estimation is quite complex.

Multi-Place Aircraft: Both transition and proficiency

training programs for multi-seat aircraft are really collections

of separate programs. As an example, consider the current syl-

labus for the F-1.4 transition training program (Table 19). In-

dividual training classes include both pilot and flight officer

students. One document specifies the training for both seats,

although the training schedules differ for candidates for each

seat. Hence, It is not possible to distinguish between training
sessions applicable to only one seat and common training sessions.

Some flying activities require a student pilot and instructor

flight officer, others a student in both seats. Equal numbers
of student pilots and flight officers appear to be anticipated
since the pilot syllabus stipulates the same number of flying

hours to be flown with a student flight officer as the flight
officer syllabus does to be flown with a student pilot.
Syllabus detail provides short (four or five word) descriptions
of each academico and simulator session and each flight sortie
(for each category of pilot and NFO.) These descriptions,

though, are the same for both pilot and NFO sections and are
not sufficient to convey the full purposes of the sessions.
Instructor guides or similar material must amplify on these

points, 1ut none are referenced in the syllabus bibliography.

Table 20il]lustrated three problems concerning malti-seat
aircraft training. (1) What happens if training loads of the
two seats are not the same? (2) What if the average experience
(anci hence hours required) between the two differ? (3) Is the
full 30.-nour requirement (for newly graduated) really training

for both seats? (That is, maybe fligilt officer training is

proauctive for only 20 hours, and the remaining 10 are really
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"ARK"



C90 N 09 0ý 0 *

0 0 0'a9

cc .0 It

0: 0:

0: 0' 0. 0

010

0awa0104 I 1C a- o .' .

0) 0 0

cco

A0.. ilas t0 N0 In a N

1 0

0~ ~ X0- ,~

IL
'c (

a'78 f.a-



Table 20. SYLLABUS FLYING TIME

Crew ComTposition Pilot Hours Flight Officer Hours

New Graduates

Student and Instructor 80 50

Two Students 30 30

Experienced Crew

Student and Instructor 55 40

Two Students 20 20
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for the benefit of' pilots). Answers here require more than the

information contained in syllabi. These questilons appear

fairly well avcded by considering the crew as the receiving

(-n'•ity for continuation training, but it may be a major consid-

eration fr assessing transition training.

C. ESTIMATION OF TRAINING COSTS

Tne material below presents a method (functional forms and

rel,-ionships' for estimating training costs. The individual

forms and relationships shown apply to estimates of training

fov one crew .,eat in one model of aircraft. A: noted before,

exceptions ar.ý that undergraduate training is not particularized

to one aircraft, 1 and continuation training at (combat unit

level) is associated with the total crew. Total training costs

associated with one combat aircraft model would require repli-

cation of the estimating process for all crew seats at the

transition level and for those training activities other than

flight at the continuation level. Estimates of total training

costs across a group of aircraft models would require replica-

tion of the estimating process for each seat of each aircraft

model.

The relations and forms shown should be considered as

exemplary only; that is, of the type that might be expected

but not verifiable on the basis of data currently available to

the author. The r 'ationships, individually and in total, are

straw men formulated as vehicles for shedding light on what

data is required, what is available, and what has to be devel-

oped; for assessing the logic and feasibility of the estir:,atinr,

process; and for judging the scope of problems involved in

assessing alternative training systems. In ss.ýveral cases, al-

ternative estimating variables and forms are suggested. N,)

Ine Navy px ictice of partial specialization f r undergraduate pilots La.
been ignored since it does not change the basic flow of requirements I-,ut
complicates its explanation.
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judgements are made as to which are better or more applicable;

each is logical, and the "best" may lie in differences in or-

ganization and accounting between the services.

Several simplifying assumptions were discussed above. They

are reiterated here and several others are noted.

1. Regarding personnel composition, all instructors are
assumed to be rated officers. This would be true in
training for crew seats occupied by officers. In the
case of crew seats occupied by enlisted personnel, the
instructor cadre would probably be some mix of offi-
cers and enlisted. Further, instructional support,
maintenance (both aircraft and simulator), and simu-
lator operations personnel are assumed to be wholly
enlisted. No provision has been made for civilian
personnel.

2. The whole area of proficiency flying has been ignored.
This is really another level of training. The deter-
mination of training ioads would be considerably dif-
ferent, but once obtained, estimating its cost would
be similar to continuation training flying.

3. The mix of varying experience levels of crew under-
going transitioi training has not been considered.
The impact of the mix on formulation of syllabus
requirements has been discusseC above.

4. Requirements for instructor training have not been
included. The complexity this introduceb in the
determination of training loads was discussed above.

5. Training programs for different crew seats of the same
aircraft model are specified in the same or in diff'er-
ent, but coordinated, syllabi. Individual training
exercises may involve varying combinations of crew
members (seats). For example, continuation training
may impose differing numbers of flight hours or
sorties on different crew members so that some flights
are made with less than full crews; this can be accom-
rodated in estimating training costs by considering
the full crew as the entity receiving traintnaE. As a
second example, some simulation training session.i (for
a large aircraft) may include all crew members except
the pilot and co-pilot, other sessions may include vr!:y
the pilot and co-pilot. The same conditicns nnay be
encountered in transition training flying. It is
simply' assumed that syllabus requirements associated
with an aircraft can be adjusted to allow costs to be
estimated by seat Rnd total crew, as required.
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6. Training for, small Navy aircraft will necessarily
requi. ,vc carrier operations. Since the only purpose of
carriers is air combat capability, their total cost of
operation must be a cost of flight training. This
opens a whole new and large area of data requirements
and estimating relationships that have not been in-
cluded in Ithe discusslon.

7. Finally, no costs of' military construction have been
included. Where the total size of military forces
remains rpther constant, costruction is a relatively
small element in total military expenditures. This is
not to say that construction costs to house a simulator
will always be minor in relation to the initial cost
of the simulator. However, in relation to the life-
cycle costs (or life-cycle tilaining costs) of the
system the simulator supportb, construction costs can
be anticipated as a minor item. 'n the second place:
construction costs will, in large part, depend upon
conditions such as deployment patter- that cannc 'e
meaningfully formulated in a generr Zel.

Prior to estimating costs, estimates must be made of the

level of training activities associated with the assumed train-

ing loads and the physical quantities of equipments and manpowe-

they impily. As will be noted below, this encompasses the bulk

of the estimating burden. 1 Table 21provides an overv.ew of the

training activity levels and physical requirements applicable

to each level of training, based on the discussions contaiiied

in Sedti.ons A and B above. The shaded areas (or cells) indi.cate

requirements that are not applicable to a given training level.

Table 22 is a companion to Table 21. Ij• is identical to Table

7, with one exception. Several different aircraft and simula-

tor models may be i;n ýd in a training program and Table 22

makes note of this. The remainder of this section is devoted

to explanations of the individual relationships comprising the

model. These explanations are organized by paragraph, arranged

numerically, and the column titled "paragraph" in Tables 21 and

lribe problems associated with translating syllabus specifications into activ-
"ity levels has been discussed in the introduction to this chapter and in
Section B, above. In this section it is simply assumed that three activity-
level parameters (classroom houx-s, flying hours by aircraft model, and
simulator hours by model) are know-n.
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Table 22. REPRESENTATIVE APPLICABLE COST ELEMENTS

I Trnsit;on Continuition

By Seat y Seat Full
ja roraphfs Uncdrg.' _l__e 1 2 Crew

Academic Training
Operations

Poy & Allowances

:nstrvctors
Instructional Support Personnel 9,15

Tirainina D,;ce Maintenance 16

tra;g ,,.-rals17
|Investm•nt

TrainingO De.;.e Prcurement 2-1

Fly:"n Ttc;-;ng
Ope~rat;iInstrucsor Pay & Allowances 8,15 - --- -

Munitions Expended 18
Variable Aircraft Flying tLotst$

Base Maintenmnce Labor 0 10,15
gas. Mainteo.-ce Materials 1,199

D epot Mointe 3nce & Mad. 1,20

I..

in% estment
Aircraft Attrit'on or Procureme..t 1,26

Simulation Training

Insthuctor Pay & Allowances 7,13 T"Studen.t TAD/TDY 23

S;mulation Coatst

Simulotion Operation. Labor It5

Ntse Maintenance Labor 12,15

Sase Maintenance Wtrterials 2,5,21
Derpat Maintenance & Mod. 2,5,22

Simulator Proureme t 5,27

Stuaent Par & Allowosces 15

Tro:•nitg Support,
0-weatiuns

Pay & Allowances .. ..
Unit Command, Admin. YOprx-.-,.omt 13,15

Base Oper./Medical Supp-., Pens. 1-.15
Facilities Maintenance Material 6-14,24

investment ._ _

Troinl:.g lrugram Oevelopment

Repeat sectiun for each air craft/ simulation model.

,InIdIs POL, replenishment spores, other base material.

itlnclude- directed development.

SAnrmy training units are organized according to Tables oF Distribution an Allowance TDOA). As such units, themselves.

do nomt have standing mobilization asslgnwtents. *thltims hos st precl-rde indvidual personnel and equipesis iiems Floms
having such aslgn~mu-ts (to comdbat or TOE unltsl, incuding those emplfyed in undergroduate training progroms. The

definition of -raining and training coats given in Chapter 2 implies that where these assignments ore moe the pay and
allowances of instructor and aircraft r'alnterance personnel (and certain aircraft operating casts) are cots of readiness
rather than training. Where per•sa,•le do not have such Qsslgran- their associated casht a properly training costs.
The pattern of share areas above assumes personnel assigned to tiar,.ltlor training organizot; = s have mobilization
assignmentt, while peel assigned to undergraduate training arganizations do not.
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22 keys the relationships relevant for estimating each require-

ment and cost.

1. Total flying hcurs per year, in the aircraft model
trained for (1), and each other aircraft model used in the train-

Ing program (j, k...).

Undergraduate and transition training:

Air-raft model trained for:

FHTi = (ESL)(FHSi+FHOi)(I+FNPF)

Other aircraft models:

FHT. = (ESL)(FHS.+FHO.)(I+FNPF)

FHTk = (ESL)(FHSk+FHOi)(14.FNPF)

'ontinuatlon Training:

FHTi = (NAC4)(FHSi+FHOi)(I+FNPF)

'Where: ESL: Effective student load (equilavent students
per time period--year).

FHO.: Other syllabus flying hours, by aircraft modeli, associated with student training but flown
by other than students.

FHS.: Student syllabus flying hours, by aircraftmodel i.

FHT.: Total aircraft utilization, flying hours per
year for aircraft model i.

FNPF: Nonproductive flying time factor, accounting
for all flying time above that stipulated by
the syllabus. Nonproductive flying time is
primarily as.,ociated with student and equip-
ment failures but also includes diverse other
reasons (for example, weather, accidents).

NAC : ,.mber of aircrews assigned to combat units,
aircraft model i.
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2. Total simulator hours per year for each model simu-

lator (i) used in the training program.

SHTi = (ESL)(SSHi)(I+SNPS)

Where: ESL: Effective student load (equilavent students per
time period--year).

SHT.: Total simulator utilization hour- oer year for
simulat-,r model i.

SNPS: Nonprod.c.tlve simulation time factor, account-
ing for simulator time above and beyond that
required by the syllabus. Nonproductive time
is associated primarily with student and equip-
ment failure.

SSH.: Student syllabus hours, simulation trainingportion with simulator i (device hours per

student).

3. Total academic hours per year for all students.

AHT = (ESL)(ASH)

Whore: AHT: Total academic hours per year. (This is the
total student man-hours spent in academic
instruction,)

ASH: Student syllabus hours, academic training portion
(class, laboratory, etc. hours).

ESL: Effective student load (equilavent students per
time period--year).

4. Number of aircraft required by the training program;

of the aircraft model trained for (i), and each otber aircraft

model used in the training program (j, k...).

Aircraft model trained for:

AIR1 = FHT 4 /AURi
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Other aircraft models:

AIR. = FHT./AUR.

AIRk = FHTk/AURk

Where: AIR.: Aircraft inventory required, aircraft model i.

AUR.: Aircraft utilization rate per aircraft flying
hours per year for aircraft model i.

FHTi: Total aircraft utilization, flying hours per
year for aircraft model i.

Aircraft utilization is taken here as a given customary or

typical value. It might also be treated as a variable deter-

mined by intensity of maintenance (affecting turnaround time)

and the number of hours per day flight operations are conducted.

5. Number of simulators required for each simulator

model (i) used in the training program.

SIRi = SHTi/SURi

Where: SHT.: Total simulator utilization hours per year
1 for simulator model i.

SIR.: Simulator inventory requirement, simulatormodel i.

SUR.: Simulatop utilization rate per simulator,
hours per year for each simulator of model i.

Simulator utilization might also be treated as a variable,

and determination of the number required could be a complex

proc:ess. For example, a minimum deployment requirement such

as one per wing would determine both utilization and a minimum

number required and considerably more program specification.
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6. Academic instructor man-years.

The number of clas.ses per year, is determined by:

,ESL)/(ACS)

Instructor class hours per year is determined by:

(AHT)/(ACS)

Instructor duty hours per class hour is determined by:

(1+ADH)

One instructor man-year is set at:

(ODHO)(MOMY)

So that academic instructor marn-years expended i•re:

IESLN (ASH)(I+ADH)AIMY = VC"Sj (ODHO;(ROMY)

Where: ACS: Class size, academic training portion (students/
ciass).

ADH: Instructcr primary duty hours per class hour,
academic instruction portion.

AHT: Total areademic hours per year. (This is the
total student man-.iours spent in acadamic
instruction,)

AIMY: Instructor man-years academic training portleo.

UDHO: Officer availability factor.

ROMY: Officer duty hours per man-year.

7. Simulator instructor man-years, for each simulator

model (1) used in the training program.
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Simulator' instructor man-hours per student as determined

by:

(SSHi)(ScCSi)(1+SNPI)(1+SDH)

So that total simuldtor instructor man-years expended are:

(SSH)(SCSj)(I+SNPI)(I+kSDH)
SIMYi = ESL) (ODHO) ('ROMY)

Wnere: ESL: Effective student load (equivalent students per
time period--year).

SCSi: Instructor crew size ýimulation training with
simulator J.

SDH: Instructor primary duty hours per student simu-
lator hour, simulation training portion.

SIMYi: Instructor man-years simulator training, simula-
tor model i.

SNPI: Instructors' nonp-'ductive training time factor
-- simulation training.

SSHi: Student syllabus tours, simulation training por-
tion with simulator i (device hours per student).

ODHO: Officer availability factor.
ROMY: Officer duty hours per man-year.

8. Flight instructor man-years associated witn each air-
craft rmiodel (i) in w:hich students are trained.

Flight instructor man-hours required per student are :et

at:

(iHSi)(I+FHI+FCH)(I+FPDI)(I+FDH)

So that total instructor man-years expended are:

(r4si)II+FHI+FCH)(1+FMPI)(l+FDH)
FIMYi (ESL)
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Where: ESL: Effective student load (equilavent stu-
uerts per time period--year).

FCH: Instructor student contact hours (s•pent
in other than flying) per student flight
hour, flight instruction.

FDH: Factor for instructor primary duty hours
per student contact hour, flying training.

FHI: Average instructor flying hours per stu-
dent flying hour, flying training with
aircraft model i.

FHS.: Student syllabus flying hours, b:', aircraft
1 model i.

FIMY.: Instructor man-years flight training por-
tion with aircraft rodel i.

FNPi: Instructors' nonproductive training time
factor other thL.n flying--flight training.

ODHO: Officer availability factor.

ROMY: OffIcer duty hours per man-year.

9. Instructional support per'sonnel (man-years per year).

ISP=f(AIMY,ESL)

Where: AIMY: Instructor man-years academic training portion.

ESL: Effective stu6ent lord (equivalent students
per time period--year).

ISP: Instructional support perzonnel required (man-
yeL•s).

Instructioral support personnel are defined as enlisted person-

nel providing direct support to the training program in such

areas as maintenance and operation -if libraries, maintenance

of student records, and curriculum materials and training

supplies.

10. Aircraft maintenance personnel associated with each

aircraft model (i) used in the training program.

.• ~~(M94Ai )( ,k'PT ) ( +SP )

AMP 1 = (FHTi) ----- E)Or--
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Where: AMPi : Aircraft base maintenance man-years, aircraft
model "..

FHTi: Total aircraft utilization, flying hours per
year for aircraft model i.

MMHAi: Aircraft maintenance man-hours flying hour,
aircraft model i.

MPT: Direct maintenance productive time factor.

MSP: Indirect maintenance personnel factor--the ratio
of direct maintenance personnel to indirect
personnel (such as supervisory, tool crib and
maintenance, etc.).

NEMY: Non-ratd• enlisted duty -hours per man-year.

ODHE: Enlisted personnel availability factor.

Lote that malntenance personnel required is adjusted to account
for Idle or non-prouactlve time /part and tool availability)

arnd for maintenance support (tool crib, supply personnel, etc.).

11. Simulator operations personnel associated with each

simulator model (i. used in the training program.

Set SCRi as the number of simulator operations crews

required for cach simulator fielded, based on the number of

shifts operated.

If SUR.i
(NEMY)(ODHE) < I then SCRi=

I TNY)SODHER 2 SCRi=2

SURi > 2 SCRi=3

(NEMY) (ODHE')1

and SOPi = (SOSi)(SIRi)(SCRi)
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Where: NEMY: Non-rated enlisted duty hours per man-y-ar.

ODHE: Enlirted personnel availability factor.

SCR.: Nui.zer of simulator operations crews required,
simulator model i.

S.: Simulator operator crew size simulation train-

SR ing with simulator i.

SIR.: Simulator inventory required, simulator model i.

SOP.: Simulator operations man-years, simulator model
i.

SUR.: Simulator utilization rate per simulator, hours
per year fo' each simulator of model i.

12. Simulator mairtenance personnel asscciated with eac

simulator model (i) used in the training program.

(M4MHSi)(MPT'(I+MSP)SMP. = (SHT.) -- 1N Y"(DE
1 (ftEt4Y)(OBHE)

Where: NEMY: Non-rated enlisted duty hours per man-year.

OUHE: Enlisted personnel availability factor.

MMHS.: Simulator maintenance man-hours per flying
i hour, simulator model i.

MPT: Direct maintenance productive time factor.

MSP: Indirect maintenance personnel factor--the ratio
of direct maintenance personnel to indirect
per3onnel (such as supervisory, tool crib and
maintenance, etc.)

SHE.: Total simulatorb utl.lization,.hours per year
for simulator model i.

SMP.: Simulator base maintenance man-years, simulator
model i.

13. Unix; command/administration personnel.

CAO =(CAOP) f (ESL, JFIMY1 + ZS1MYj + ANMY)

CAE = CAOP) (CAO)
9CAOP
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Where: AIMY: Instructor man-years academic training.

CAE: Training unit cnmmand/administration enlisted
personnel requirement.

CAO: Training unit commind/administi'ation officer
personnel requirement (assumed to be all rated).

CAOP: Training unit coirmiand/administration personnel
officer ratio.

ESL: Effective student load (equivalent students
per tirne period--year).

FIMY.: Instructor man-years flight trainir.g portion
with aircraft model i.

SIMY.: Instructor man-years simulator training, simu-
lator model i.

This is assured to be some function of the level of training

activity as measured by either the student load or the total

number of instructors requi-ed (or both).

14. Base opereting/medical support personnel.

BOSO = (DOS)(BORA) [(FIMYi+AMPi) + J(SIMY4 +SOPi+SMPi)
[I I1 i I

AIMY+ISP+ESL+CAO+CAE]

BOSE m L-BOA).~A (BOSO)

Where: AIMY: Instructor man-years academic training portion.

AMPi: Aircraft base maincenance man-years, aircraft
model i.

BORA: Base operating/medical support personnel,
officer ratio.

BOS: Base operating/medical support personnel rate
(base support personnel as a fraction of
training personnel).

bOSE: Base operating/medical support enlisted person-
nel requirement.

BOSO: Bao. operating/medical support officer person-
nel requirement.

CAE: Training unit command/administration enlisted
personnel requirement.

CAO: Training unit command/administration officer
personnel requirement (assumed to be all rated).
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PSL: Effeczive student load (equivalent students
per time period--year).

FIMY.: Instructor man-years flight training portion
with aircraft model i.

ISP: lnstructional support personnel required

(man-years).

SIMY Instructor man-yearc simulator training,
simulator model i.

SMP.: Simu'.ator base maintenance man-years, simu-
lator model i.

SOP. Simulator operations man-years, simulator
model i.

15. Pay and allowances of personnel. Pay and allowances

cf personnel associated with ten different functions encompassed

by the training program are grouped together here.

Students:

PAST = (ESL)(PRST)(DTP)

(The appropriate pay and allowance rate will
vary with the level of training and whether
the seat traJ.ned for is occupied by officer
or enlisted personnel.)

Flight instructors:

PAFI = 1 (FIMY)(PRRO)
1

(Flight instructor pay and allowances is the
total across all aircraft models employed
in the training program.)

Simulator instructors:

PASI = • (SIMYi)(PRRO)

(This is a total acros3 all simulator models
used in the training program.)

It
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Academaic instructors:

PAAI = (AIMY)(PRRO)

Instructional support personnel:

PAIS = (ISP)(PREN)

Aircraft maintenance personnel:

PAAM. = (AMPi)(PREN)

(Stratified according to aircraft model i.)

Simulator maintenance personnel:

PASMi = (SMP.)(PREN)

(Stratified according to simulator model i.)

Simulator operations personnel:

PASO, = (SOPi)(PREN)

(Stratified according to simulator model i.)

Training unit command/administration personnel:

PACA - (CAO)(PRRO) + (CAE)(PREN)

Base operating/medical support personnel:

PAOB = (BOSO)(PRNO) + (BOSE)(PREN)

Where:

AIMY: Instructor man-years academic training portion.
AMP Aircraft base maintenance man-years, aircraft

model i.
BOSE: Base operating/medical support enlisted personnel

requirement.
BOSO: Base operating/medical support officer personnel

requirement.

CAE: Training unit command/administration enlisted
personnel requirement.
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CAO: Training unit command/administration officer
personnel requirement.

DTP: Duration of training program. (Proportion of a
year.)

ESL: Effective student load (equivalent students per
time period--year).

FIMY: Instructor man-years flight training portion.

ISP: Instructional support personnel required.

PAAI: Pay and allowances of academic instructors.

PAAMi: Pay and allowances of aircraft maintenance perl-ron.-
nel associated with aircraft model i.

PACA: Pay and allowances of training unit command/
administration personnel.

PAFI: Pay and allowances of flight instructors.

PAIS: Pay and allowances of instructional support
personnel.

PAOB: Pay and allowances of base operating/medical
support per.onnel.

PASI: Pay and allowances of simulato: instructors.

PASMi: Pay and allowances of olmulator maintenance
personnel associated with simulator model i.

PASO- Pay and allowances of simulator operations
personnel.

PAST: Pay and allowances of students.

PREN: Pay and allowance rate--enlisted.

PRNO: Pay and allowance rate--non-rated officer.

PRRO: Pay and allowance rate--rated officers.

PRST: Pay and allowance rate--students.

SIMY.: Instructor man-years simulitor training, simulator
model i.

SMPi: Simulator base maintenance man-years, simulator
model i.

SOP 1 : Simulator operations man-years, simulator model i.

16. Cost of training device maintenance and replacement.

TDMC f(ESL, TDI)
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Where: ESL: Effective student load (equivalent student per
time period--year).

TDI: Inventory value of unspecified training devices
(or value per student enrolled).

TDMC: Cost of training device maintenance and
replacement.

(In ti.e context of this paragraph training devices are
defined as relatively smt11 or low value devices normally
associated with academic training and that may be of
general use in a number of training programs. They are
not the large complex devices though capable of replacing
flying time that are normally associated with the term
"simulator". Maintenance requirements would logically
be related to the value of the inventory required for
training and the amount of use they receive--approximated
by the effective student load.)

17. Cost of expended training materials.

TMC = (ESL)(TMS)

Where: ESL: Effective student load (equivalent student per
time period--year).

TMC: Cost of expended training materials.

TMS: Per student cost of training materials consumed.

18. Cost of training munitions expended.

TMUN = (ESL)(MUNS)

Where: ESL: Effective student load (equivalent student per
time period--year).

MUNS: Syllabus allowance of training munitions per
student.

TMUN: Cost of training munitions expended.

19. Aircraft base maintenance material cost, aircraft

model i.

AMTLi = (AFHCi)(FHTi)
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Where: AFHC.: Aircraft base maintenance material cost perflying hour, aircraft model i.

AMTLi: Aircraft base maincenance material cost, air-
craft model i.

FHT: Total aircraft utilization, flying hours per
year for aircraft model i.

(Consisting of POL, replenishment spares, and other base
maintenance materials.)

20. Aircraft depot maintenance cost, aircraft model i.

Transition and continuation training

ADMi = (ADFHi)(FHTi)

Undergraduate training

ADMi = (ADFHi)(FHTi) + (ADUE.)(AIRi)

Where: ADFH.: Aircraft depot maintenance cost per flying
hour, aircraft model i.

ADM.: Aircraft depot maintenance cost, aircraftmodel i.

ADUE: Aircraft depot maintenance cost per u.e., air-
craft model i. (That portion of depot cost
that is independent of the level of flying
hours).

AIR.: Aircraft inventory required, aircraft model i.

FHTi: Total aircraft utilization, flying hours per
year for aircraft model i.

(Aircraft depot maintenance cost is generally considered
tc be composed of two components--those costs that are a
function of the existence of aircraft in the inventory
and those costs that are a function of the number of
flying hours. Both components are considered applicable
to undergraduate training, but only the latter to transi-
tional and continuation training.)

21. Simulator base maintenance material cost, simulator

model 4.

4SMTLi = (S7MCi)(SHTi) + (SFMCi)(SIRi)
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"Where: SFMC1 : Simulator fixed base-maintenance material cost,
simulator model i.

SHTi: Total simulator utilization, hours per year
for simulator model i.

SIRi: Simula&.r inventory required, simulator model
i.

SMTL.: Simulator base maintenance material cost,
simulator model i.

SVMC.: Simulator variable base maintenance material
cobt, simulator model i. (This is considered
to include supplies, utilities, and other
services).

(Botha simulator base material and depot costs, below, are
ionsidered to vary with the number of simulators fielded
and the total hours they are operated.)

22. Simulator depot maintenance and modification cost,

simulator model i.

SDMi = (SVDCi)(SHTi) + (SFDCi)(SIRi)

Where: SDMi: Simulator depot maintenance and modification
cost, simulator model i.

SFDC.: Simulator fixed depot maintenance cost, sinu-
lator model i.

SHTi: Total simulator utilization, hours per year
for simulator model i.

SIR.: Simulator inventory required, simulator model
i.

SVDC.: Simulator variable depot maintenance cost,
simulator model i.

(Simulator depot maintenance does not necessarily imply
that work is physically performed at depot locations.
For large fixed simulators work would generally be per-
formed in the field by travw:lling depot or contractor
teams).

23. Cost of student (nd instructor) temporary duty for

simulator training.

TMPD = (DAY)(PERD)(ESL) + (TRIpo)(CPT (1+INSR)
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Where: CPT: Cost per round trip for simulator training.

DAY: Student days of temporary duty (for simulator
training, per student).

ESL: Effective student load (equivalent students per
time period--year).

INSR: Simulator training travel--student/instructor
ratio.

PERD: Temporary duty per diem rate.

TMPD: Cost of student temporary duty for simulator
trainIng.

TRIP: Number of trips required (per year) for simu-
lator training, per student.

(At least three simulator deployment strategies may be
followed: 1. each training base has its own complement
of simulators; 2. mobil simulators travel to student
locations; and 3. students trave& to simulauor locations
for training. Which of these three Is efficient will
depend, among other things, on the level of simulator
utilization. The first strategy will maximize the number
of simulators and their attendent procurement and opera-
tions costs. The last will minimize the number of
simulators (subject to some maximum utilization rate) at
the expense of student and instructor travel. The strategy
assumed -.qill simultaneously impact on simulator procure-
ment costs (paragraph 27), simulator utilization (para-
graph 5) and this relation.

24. Cost of facilities maintenance materials.

FMM = (FMF) [(FIMYi+AMPi) + SIMYi+SOPi+SMPi) +
-i ~i1

AIMY + ISP + ESL + CAO + CAE + BOSO + BOSE]

Where: AIMY: Instructor man-years academic training portion.

AMP.: Aircraft base maintenance man-years, aircraft
I model i.

BOSE: Base operating/medical support enlisted person-
nel requirement.

BOSO: Base opErating/medical support officer personnel
requirement.

CAE: Training unit command/admin. enlisted personnel
requirement.
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CAO: Training unit command/administration officer
personnel requirement (assumed to be all rated.)

ESL: Effective student load (equivalent students per
time period--year).

FIMY: Instructor man-years flight training portion.

FMF: Facilities malntenance materials factor.

FMM: Cost of facilities maintenance materials.

ISP: Instructional support personnel required.

SIMY.: Instructor man-years simulator training, simu-
lator model i.

SMP.: Simulator base maintenance man-years, simulator
model i.

SOP 1 : Simulator operations man-years, simulator model
i.

(This is a conventional formulation for an item of rather
minor costs.)

The previous 24 paragraphs have been concerned only with

levels of training activities and recurring (i.e., annual) oper-

ating costs. The form of these relationships would remain essen-

tially the same whether costs were estimated for a single air-

craft type or for many simultaneously. The following four

paragraphs are concerned with one-time or investment costs.

Here the manner in which costs ire determined, and their inter-

pretation, might differ significantly.

Indeed, the exact meaning of investment costs for a

single aircraft is open to question. What investment cost

are relevant to the particular problem addressed? Are capital

items properly amortized over a system's life-cycle and added

to operating costs or should they be considered a one-time

outlay and sunk? What is appropriate dept •ds upon study con-

text and differs from case to case.

The rplationships given below are generally appropriate

to the single-aircraft approach. The way theý are written is

consistent with the assumption that investment is a one-time

expenditure and separately identified rather than being amor-

tized and charged year by year to system operations.
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25. Cost of tivaining device procurement.

TDPC = f(ESL)

TDPC = f(TDI)

Wher.Ž: ESL: Effective student load (equivalent students
per time pariod--year).

19I: Inventory value of unspecil'ied training
devices (or value per student enrolled.)

TDPC: Training device procurement cost.

(Currently available data appears to shed little or no
light on training device inventories. Were lists of
device inventories available they might be used directly,
as in the second relationship. They might also provide
the basis for developing a general relationship based on
n'.'mbers of students, as in the first relationship.)

26. Cost of aircraft procurement/attrition, aircraft

nmodel i.

ACPAi = (FHTi)(ACARi1(ACUCi)

ACPAi = (AIR.)(ACUC.)

Where: ACARi: Aircraft attrztion rate, aircraft model i.

ACPAi: Aircraft procurement/attrition cost, aircraft
model i.

AIRi: Aircraft inventory required, aircraft model i.

ACUCi: Aircraft unit procurement cost, aircraft model
!.

FHTi: Total aircraft utilization, flying hours per
year for aircraft model i.

(Costs of both attrition and procurement are relevant only
to aircraft systems for which acquisition has not been
completed. Aircraft used in continuation and transition
training generoally have mobilization assignments, and the
appropriate cost would be limited to aircraft lost during
ttraining that are, therefore, not available for mobiliza-
tion. Since aircraft with tr3ining missions only would
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not be procured except for that mf'ssion the full cost of

the total buy is a proper cost even though they are not

wholly consumed during the model time horizon).

27. Cost of simulator procurement, simulator model i.

SIP i = (SIRi)(SIJCi)

Where: SIP.: Simulator procurement cost, simulator model i.

SIR.: Simulator inventory required, simulator model
i i.

SIUC.: Simuiator unit procurement cost, simulator

model i.

28. Cost of training program development.

TPD = TP-

Where: TPD: Training program development cost.

(For the purposes of this paper, costs of program develop-

ment are taken as given.)
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VII. INFORMATION SOURCES AND AVAILABILITY

This chapter addresses the availability and sources of

information that may provide inputs to the model described in

Chapter VI. In no way can this examination be considered

exhaustive. Reflecting upon the scope of the topic and the

resources available for the project, it was decided early-on to

consider only inforaiation that is either systematically reported

or generally available to military department headquarters.

Within this constraint, there is undoubtedly a large volume of

data that might provide useful inputs that could not be investi-

gated. Still larger volumes of.potentially useful data certainly

reside within operating commands that could not be investigated,

and here, neither uniformity in what is collected nor consistency

in how it is treated can be counted on. Properly addressing this

mass of information can only be accomplished by an extersive

effort.

A second impact of the short time frame is that the model

could not be modified from its initial formulation according to

the results of this limited data search. A normal sequence in

such a project is to formulate a first approximation model to

serve two purposes; first, to serve as a framework for an initial

evaluation of data, and second, to provide an explicit vehicle

for assessing the logic and propriety of the estimating method-

ology in the light of dtata found available. Data evaluation

can be expected to identify deficiencies in and indicate changes

to the model. (Some data elements may simply not be available.

Others may be accessible, but their formats may be inconsistent

with the model. New or unanticipated sources and forms Qf data
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may be ulncovered that permit expansion cr refinement of the

sWsimating process.) This is an iterative process, but, to

date, nothing more than the first go-around has been accom-

plished--the initial formulation and first data search within

the limited domain ,f headquarters offices.

Note that this ,!hapter is formatted as a series of ref-

erence tables rather than text. The input elements of the

model have been gathered into seven categories, and each com-

prises a separate section, as follows:

Section Category Page

A Training Load 107

B Syllabus 112

C Aircraft 117

V Simulator 123

E Personnel, Training 126
Peculiar

F Personnel, General 129

G Other 134

At the beginnIng of each section ts a table listing each item and

referencing (by service ana training level) a paragraph wý.thin

the section at which its discussion 1. to be found. A sample is

shown in Table 23. The shaded cells denote tht, within the

model assumptions, a datum is not applicable to a given service

and training level. The letter 'A' denotes that a datum is

wholly a study assumption; that is, service management and data

systems are irrelevant in formulating its value. A question mark

(?) indicates that the Information is considered relevant; intui-

timely it is felt that appropriate or limiting values could be

developed from current service accounting or information systems,

,ut no hint of where or how to develop it was gleaned from this

s'udy. The letter 'U' indicates a datum that, although relevant,

does not appear to be available from current accounting and
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information systems. (Wherever convenient the discussion has

been consolidated across data elements, service, and training

level.)

A. TRAINING LOAD INFORMATION (Table 24)

The relationships developed in Section C of Chapter VI

employ two basic training load parameters; ESL (effective

student load) and NACi (number of aircrews assigned to combat

units, aircraft i). The input items shown in Table 24 allow

for the derivation of their values as described in Section A of

ChapterV1. However, between Sections A and C the symbols by

which these two parameters are identified differ, since different

relationships are used to estimate student load according to

level of training. The reconciliation between the different

symbology is as follows:

Relationship Section C Section A

Number of Aircrews NACJ CL = (FL)(CR)

Student load - c- ;1i-,-a- ESL CN. = (FL)(CR)(CCi)
tion training

Student load - transi- ESL TLi = (RR)(FL)(CR)(CC.)/(I -- TA-
tion training 2

Student load - under- UL. (DR.) uf(FL)(cRa)(Cc. i)/

graduate training j a a jj(-4)

Ncte subscript nomenclature

J: aircraft model

i: crew seat

1. The only crew rating .n Army avaiation is pilot, and

the number of pilots per crew for all existing aircraft types

is given in the Army Aviation Planning Manual (FM 101-20). For

future buys this informatlon could be obtained from the system
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coordinators in the Aviation Systems Division of DCS Research,

Development, and Acquisition.

2. For Navy and Air Force systems this information is

round in USAF Cost and Planning Factors (AFR 173-10) and the

Navy volumes of Standard Aircraft Characteristics. Two problems

should be recognized with these sources. In the case of the

Air Force, information is given in terms of officer and enlisted

only rather than crew specialty and may not be complete as to

aircraft model. i'n the case of the Navy, the Information is not

givell for some aircraft. This can't be considered a serious

problem, as crew composition is in the nature of "common know-

ledge", certainly obtainable from any squadron operating the

aircraft. For new aircraft, information would be obtainable

from program monitors (at headquarters levels) or from system

project offices (USAF Aeronautical Systems Division and Naval

Air Systems Command).

3. Army aviation units are not manned in terms of crew

ratios, however a proxie could be developed from Tables of

Organization and Equipment (TOE), at alternative strength

levels.

4. Crew ratios, by aircraft model, are developed by the

Aviation Program Manpower, Tactical Air Training, and Air ASW

Tralning Branches of the Aviation Manpower and Training

Division, Deputy CNO for Air Warfare (NAVOP 597, 593, and 594).

They are transmitted to other Naval offices by way of letter

only.

5. USh' crew ratio standards, by aircraft type and com-

mand, are given in the same table of USAF Cost and Planring

Factors (AFR 173-10) as crew compositions. Since this table

is updated at irregular intervals, it may present problems of

timeliness 'as well as completeness); a better source would

be the headquarters of major operating commands.
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6. Information on flight status disqualification rates

could not be found; however, general rates of officer personnel

turnover are given in the ýrmy Force Planning Cost Handbook

(Directorate of Cost Analysis, Comptroller of the Army) and USAF

Co:t and Planning Factors (AFR 173-10). Personnel in the Army

Directorate of Cost Analysis expressed a belief that they would

not be significantly diffe,:"ent and the general rate would serve

as an acceptable lower bound.

7. Similar to the Army and Air Force, the Navy appears ro

keep no formal records of flight status disquallAfication. How-

ever, irndividuals in the Aviatioi, Manpower and Training Division

(Der-ity CNO for Air Warfare) develop insights into the problem

as a result of their normal workload. The pattern of loss they

project is not simple--being tied to obligated service, promo-

tion zr , and rank.

• Force level projections for all three services are made

for seven to fifteen years into the future. In the case of the

Navy and Air Force, the projections are srratifled by airaft

type and program element and show both inventory and flying

hour pro.ections. Theý favy projection is published as the Air-

craft Prograni Data -'ie in thu , -rm of a iine-pr'inte.r ct-pt

by the Aviation Progra,:is Division of Deputy CNO f'or AiL 1;:arfare

(OPNAV 511). The Air Force projection is publisshed as -.he

IPA'--one of the formal P series of Air Force Planning documents.

The Army projection resides in -a nomputer data file that is part

of the "Structure and Comnposition" subsystem of ,he Army 'Force

Accounting System' maintained by the Force Acco3,nti.ng System

Division of DCS for Operations and Plans. The format of this

projection is uncertain, since the material was not available to

this study.

9. Rotation rare has some characteristics of program

assumptions. The services 1,ave ;eneral guidelines on rotation,

but actual assignment dut'a.ions may be quite different, and
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vary over time. Further, the reasons for variation can be

many--ranging from overall budget considerations to individual

skill and experience levels. The only written information

found was a listing of recommended first tour lengths for

fiscal year 1977 for Navy pilots and flight officers (contained

in a letter from the Avip'ion Manpower Programs Branch, Aviation

Manpower and Training Division--OPNAV 59). The recommended tour

lengths appeared to be a secondary consideration to maintaining

criteria experience mixes by aircraft and squadron type.

10. Army training attrition for undergraduate training

(experience and projections) may be found in two sources. The

first is a report (Form 886 Service Training Report) transmitted

monthly from all training establishments to the Training and

Doctrine Command where it is consolidated and passed on to the

Director of Military Personnel Management, DCS Personnel, Head-

quarters, Department of the Army. It provides student inputs

and outputs stratified by training course and personnel category

(officer, warrant, enlisted), from which attrition rates can be

developed. The second source is budget submission materials

containing the same information items projected over a three-

year time horizon and submitted to the same office. (The Army

appears to experience insignificant attrition for transition

training.)

11. Attrition associated with transition training is

reported to the tactical and ASW Air Training Branches of thie

Aviation Manpower and Training Division (Deputy CNO for Air

Warfare) on a monthly basis, along with other data. This

information does not appear-to be published in any other form.

12. Air Force student attrition for all training (by

insz:,1lation, school, and course) is reported annually to the

Directorate of Management Analysis, Comptroller of the Air

Force. Reporting of incurred training -.osts (along with

F 2



specification of reporting formats) is a requirement of Air

Force Regulation 173-7, Formal Training Course Cost Report.

13. IM-dergraduate flight training attrition factors are

developed by the Commander of Naval Aviation Training. This,

along with other training cost dz'a, is used for justification

of' budget submission, but it is informally passed on to the

Undergraduate Flight Training Branch of the Aviation Manpower

and Training Division, Deputy CNO for Air Warfare (OPNAV 591).

B. SYLLABUS INFORMATION (Table 25)

Syllabus is usel here as a general term to include all

written materials that specify or describe training program

events, evaluation criteria, performance standards, etc. Docu-

ments serving this function are associated with a number of'

different names such as phase manuals, mission guides, training

manuls. They arre also frequently identified simply as numoered

manuals, directives, regulations, etc. and are difficult to

identify in publication indexes. (Indeed, many such sources

-re not identified in standard publication indexes.)

Documentation is extensive for a given training program,

end considering the number of flight training programs, the

total of 5yllabus type publicatfons might fill a fair-sized

library. This project could hopc for no more than a light

sampling of existing documentatior. In fact, they proved to

be generally unavailable at headquarters levels, and the

sample actually obtained (primarily from the field) cannot be

considered as adequate for anything but rudimentary generalI1a-

tions. From this small sample, though, it appears that formats

hive not been stqn-1ariZ.4. f.with. t'- . os•ible exception of Army

material) with respect to either what information constitutes a

training program specification or how it is organized.
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1. Class size refers to the number of students in a class-

room at one time--rather than the size of an entry class (the

rnumber beginning training on the same date). The intent is to

measure the instructor resources expended per student--similar

to q,1 average student/instructor ratio. In either case, sylla-

bus materials are generally silent. The only exception in the

syllabi received was for the F-14, that showed a maximum class

size (although this appeared to refer to the size of the entry

class).

Planned Air Force and Navy entry class sizes, by date of

entry, for periods of roughly a year are published in other

documents for undergraduate and transition training. The Air

Force projections are contained in "Program Flying Training"

(PFT) volumes developed by the Air Training Command and the

operating major commands. Navy projections are developed at

Headquarters by Deputy CNO for Air Warfare (OPNAV 591, 593, 594)

and distributed in the form of OPNAVNCTEs or letters. How well

this information can be translated into class sizes (in the

sense of instructor/student ratios) is questionable. However,

considering the centralized nature of all Army flight training

and the centralized command structure of Navy and Air Force

undergraduate training, it is felt that class size data should

be available from Ft. Rucker, Air Training Command, and Commander,

Naval Eduction and Training (or Commander, Naval Air Training).

2. Syllabi for formal training courses (undergraduate and

transition) uniformly con'.ain statements of course hour require-

ments. Flying hours were shown in all syllabi seen. However,

in some cases only student hours were shown and in others

instructor hours (chase aircraft, etc.) were included. In all

cases, though, syllabi provided statements of academic hours,

simulator hours, and training program duration.

Actual flying hours expended above those specified as the

standard for student instruction are generally classified as
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overhead flying. Requirements for overhead flying arise from a

number of solirces, including student reflies, instructor cur-

rency, equipment check-out, and mission abort (from any cause).

The Navy closely monitors overhead flight and, especially, that

portion due to stucent failure and mission aborts. In one case,

the F-14, both the level and a percentage breakout of overhead

flight was contained in the syllabus. Overhead flight rates for

undergraduate training are included in the information normally

reported to the Undergraduate Flight Training Branch of the

Avldtion Manpower and Training Division, Deputy CNO for Air War-

fare (OPNAV 591).

For the Army and Air Force, overhead flyir.n information is

very sketchy, although intuitively it must be closely tracked

and available somewhere. A single total for overhead flying,

by training course, can be developed for Air Force single-seat

training by ccmparing the syllabus standard with the actual

hours logged and number of graduates as reported on Air Force

Form 611 (a requirement specified in Air Force Regulation 173-7,

Formal Training Course Cost Report).

Munition expenditures appear to be a standard syllabus

specification for Army and Air Force trainin-g. However, it was

not included in the Navy syllabi available.

3. Documentation of continuation training requirements is

normally associated with publications designated as instructions,

regulations, etc., rather than syllabi or training programs. In

addition, they do not approach documentation of undergraduate or

transition training in terms of completeness or formality. The

only document found addressing Army continuation flying is Army

Regulation 95-1 (Army Aviation: General Provisions and Flight

Regulations). It is not specific, by aircraft type, but is

undergoing a revision and expansion that will recognize dif-

ferences by aircraft mission. The current regulation specifies
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annaul and semi-annual maximum and minimum flying hours for the

tnllowing flight categories; total, night, instrument, and

tactical. The only other flight requirements it contains is a

list/ng of maneuvers to be performed (and the number of times

each shall be performed) within the minimum and maximum times

allowed. The Army has permitted e maximum of 10 flight hours

pei year to be substituted by simulator time, although the impact

of this is oncertain since the Army simulator program is just

getting started.1 With this sketchy requirement there is no

way to determine requirements for training munitions.

Navy continuation flying is outlined in general terms in

OPNAV Instruction 3710.7H (NATOPS General Flight and Operating

Instructions). Further requirements are developed by the fleet

commanders. For the Atlantic Fleet, CNAL Instruction C3500.42B

levies monthly flying hour requirements according to type of

squadron (attack, patrol, etc.) and deployment phase. For the

Pacific Fleet, CNAP Instruction C3500.4D references syllabi

developed by squadron or base level units to be Collowed by

type of squadron, along with specific requirements for fighter

and attack squadrons. No examples of these syllabi were ob-

tained, and it is unknown whether simulator or munition require-

ments have been dccumented for either the Atlantic or Pacific

Fleet programs.

Air Force continuation training is documented in the '51

series manuals by aircraft type. These are issued by the oper-

ating major commands and there appears to be little in the way

of common format between the commands. Two examples were ob-

tained. In one case, th3 nanual gavw inly references to training

courses. It is assumed that these coarse references also identify

'Sirnce this information was first gathered, AR 95-1 has been reLssued with
an effective date of 15 January 1977, providing for an annual rninimin
swalator training requirement at a considerably higher level t.han the
anmual maximum specified in the previous AR 95-1 version.
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documents, but this could not be determined from the way the

manual was written. This appears to be a case where one has to

know the system to make sense out of it, and this project did

not permit that, kind of time. The second manual is written in

terms of sortie standards (for both aircraft and simulators)

but provides little description of the purpose of the sorties.

For aircraft with short flight durations (as was this case), a

sortie may closely equate to flying hours, but this can hardly

be assumed as a general rule.

In the case of both the Air Force and the Navy, total pro-

grammed flying hours may be obtained from the basic planning

documents (the PA in the Air Force case and the P-20 report

for the Navy). This data might be reduced to approximate hours

per crew through a knowledge of crew ratios, support aircraft

requirements, etc. Although these hours include a mix of

purposes for flying, it might prove to be the better data avail-

able.

As with the Navy, there were no data uncovered to shed light

on munitions requirements.

C. AIRCRAFT INFORMATION (Table 26)

Aircraft informaticn is pretty well centralized in two

publications, one for Army systems and one for Air Force systems.

For the Army, the primary reference is Field Manual 101-20

(United States Army Aviation Planning Manual). The primary

source of Air Force inforzmtai.un is Air Force Regulation 173-10
(USAF Cost and Planning Factors). Information on Navy systems

is spread over a number of sources.

The information contained in FM 101-20 is complete in the

sense thet it pertains to all Army systems currently in the

inventory. However, it przvides no projections or estimates of

Afuture system characteristics, and it provides only general
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factors by aircraft model. (That is,. no distinctions are made

on the oasis of mission or unit assignment.)' With one excep-

tion the Navy data is similar--historical information on all

current aircraft models is available. The one exception con-

cerns aircraft inventory and utilization where projections for

up to 10 years in the future by model and mission are available

in the Aircraft Program Data File (APDF). The information con-

tained in AFR 173-10 is neither complete with regard to air-

craft models covered nor limited to historical data. Particular

emphasis Is given to first line combat mission aircraft and

incorporates estimates of operating cost factors for aircraft

where future procurement is anticipated. This impacts on air-

craft used in undergraduate training and training support roles.

Several aircraft are completely missing and data is typically

incomplete on others.

I. Aircraft attrition rates (historical) may prove useful

in developing analogies for estimating anticipated attrition of

new models. Navy and Air Force data is shown in terms relating

attrition to flying hour levels--AFR 173-10 for Air Force

systems and through the Aviation Safety Coordinator (NAVOP-05F)

located under the Assistant Chief of Naval Operation for Air

Warfare. Army attrition data is related to inventory holding

rather than flying-hour levels. Army personnel state that their

comparisons indicate use of flying hours (instead of or in addi-

tion to inventory levels) yields no improvements in predicability.

2. Each of the services maintain acquisition program moni-

tors at headquarters levels that can provide current procurement

cost estimates through liaison with system project offices. For

Army systems, these are the Department of the Army System Coor-

dinators (DASC) located within the Aviation Systems Division

1Since Arny aviation training is centrally located (Ft. Rucker, Ala.)
differences between training and combat units might be relatively easy to
ascertain.
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of the DCS for Research, Development, and Acqui.3ition. For Navy

systems, they are called program coordinators and located in the

Aviation Plans and Requirement Division of the Deputy CNO for

Air Warfare. Air Force Program Element Monitois (PEM) are with-

in the Directorate of Development and Acquisition under DCS

Research and Development.

3. Maintenance costs and man-hour requirements at all

maintenance levels are published in FM 101-20. These data are

develoiped by the Directorate of Cost Analysis of the Comptroller

of the Army. Since FM 101-20 is published irregularly, the Cost

Analysis Directorate personnel provide a better source of current

information. There are two uncertainties involved in the appli-

cation of these data. First, both depot cost and base level

material cost may exclude avionics and armament systems, and

base Maintenance labor definitely excludes these systems. Other

tables in the manual list costs for these systems at all levels

of maintenance, but accordlng to end-item designation (such as AN

number) rather than aircraft model. As a result, resort to list-

ings of typical avionics and armament suites, also shown in FM

101-20, would be required to determine total maintenance costs.

Second, although depot maintenance cost is nominally stated in

terms of "per-flying-hour", it ts accually based on the assumption

of ,-year overhaul cycles. This raises a question of whether depot

costs should be considered dependtnt upon flying hours or inventories,

and there is no good answer.

4. FM 101-20 provides flying-hour levels by aircraft

model, but no distinction is made between aircraft held in

ccombat organizations and the training establishment. From the

POM back-up material discussed in Chapter 2, there is reason to

believe that differences may be significant. Histcrical flying

hour data by both model and command (that would separate train-

ing from operations) can be obtained from the Army Aviatiun

Status Report (or Gold Book--issued monthly by the Aviation
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Logistics Office, DCS for Logistics). However, each issue con-

tain, a single month's data, ana a considerable effort would be

involved in verifling such a difference.

5. Naval aircraft depot maintenance costs are reported

annually in the Industrial Performance Summary for Naval Air

Rework Facilities. For a number of reasons, this data does not

provide useable inputs for estimating training costs. Engine re-

work costs, by engine model, are reported separately from airframe

cost, by aircraft model. Costs of component and accessory re-

work (that appear to account for a significant share of depot

workloads) are reported in separate reports, and then only by

national stock number. The Navy is currently developing a sys-

cem for associating components with aircraft model, but even if

this system becomes a reporting norm, extensive data analysis

wola still be required before total rework could be estimated

by aircraft model. Further, rework planning and reporting is

predicated on criteria time intervals between overhaul. There

appears to be no way to associate incurred costs with flying

hours without extensive analysis of additional data sources.

6. Base maintenance materials cost, aircraft inventory,

and flying hours are reported monthly (with annual summaries)

by aircraft model and program element in the Flying Hour Cost

Report. It is available only in the form of a line-printer

output from tha Aviati-on Program Divisions of the Deputy CNO

for Air Warfare (NAVOP 51-L..
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7. Historical flylng-hour rates are contained in the

Flying Hour Cost Report (see 6., above). Projections of future

flying rates can be obtained from two sources. The first is

a line-printer output called the P-20 Report pv-e~uced by the

Aviation Program Division of the Deputy CNO for Air Warfare.
This report is tied to th: Five-Year Defense Plan and includes

the current year actuals and four or five years of projected

rates by aircraft model and program element. The second
source is the Aircraft Program Data File--also a line-printer

outp',t produces by the Aviation Program Division. it provides

essentially the same information, but for a period extending 11

years into the future.

8. So far as couJd be determined, there is no data avail-

ible, Navy-wide, concerning maintenance man-hours. However, the

Commander of Naval Education and Training (cNET) or the Com-

mander of Naval Air Training (CNATEA) appears to hae developed

factors relating incremental student loads to Incremental

manpower requirements associated with undergraduate fight

training. These are part of what is called "CNET factors"

and are used by CUF.T or CNATRA in preparing budget estimates.

Aircraft maintenance manpower estimates are relevant only for

undergraduate training, and the factors should be worth further

investigation as a source of field-developed information.

9. AFR 173-10 lists depot maintenance costs (on both a

flying hour and inventory basis) and base maintenance material
costs (on a flying hour btiis) for the bulk of Air Force combat

aircraft. For those aircraft net listed (primary trainer desig-

nations and mission support aircraft) no comparable information

source was found.

10. Two &ources of utilization rate information are

available. AFR 173"-i0 lIsts flying hour levels of 'typical'
combat squadrons for a selected number of widely held aircraft.

A mnore encompassing, and apparently accurate s.-urce is the Air
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Force 'PA' document--cne of the P series of formal planning

documents. Thbs document lists all aircraft In the inventory

from the current year thoough six years into the future.

Among other things, the PA lists number of u.e. aircraft and

flying houi's by calendar quarter for each mission and holding

command for each airc.raft mcdel/series planned for the inventory

for th-ý seven year period.

11. No goneral source of m-intenance manpower information

was found; ho,.,ever, it must be available somewhere within the

Air Force, since maintenance labor costs per flying hour are

contained in AFR 173-10 fir the widely held mission aircraft.

As with ot.er data items, this does not indicate that data is

collected on training and support aircraft relevant for under-

graduate training costs.

D. SIMULATOR INFORMATION (Table 27)

The paucity of simulator data has been dizcussed in

Chapters 3 and 4. This section lobks at the same problem,

but from the viewpoint of data directed toward the tstinating

model.

1. The Air Force appears to be the only service collecting

operating cost data in a manner consistent with the development

of cost factors and est'mating ralationships, and the: effort so

far is limited to base level costs. The current s~mp~e (col-

lected by the Directorate of Management Analysis and described

in Cnapt-r 4) may be adequate for an initial form.ulation, but

as far as can be determined, the data has not been analyzed in

this light. Further, there appears to haie been no headway

made in developing depot-ievel dpta.

The Army, with only one operational model fielded in

small numbers, has not had the chance to develop any signifi-

cant data base. This is emphasized by the fact that maintenance
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has been perfcrmed on contract (what would normally be base and

depot functions), and the cost records resulting may not be

consistent with in-house accounting practices. One study ofi

experienced operating costs has been performed (under the

auspices of the Program Manager for Training Devices), but

its documentation is not sufficient.

(Whether the Navy is recording simulator operating costs

in a manner that permits identification of costs with utiliza-

tion is not known. In any case, it would require contacting Air
413 and Chief of Naval Education and Training.)

2. Crew size requirements have been ignored in developing

data sources, since they would appear to fall out of configuration

and operating descriptions of particular devices and, hence, be

readily obtainable.

3. Bearing in mind that only new or projected equipment

buys are relevant, the available data base appeqrs rather sparse.

Technology and design capabijities pretty well invalidate costs

of older equipments as predictors of current generation device

costs. One characteristic of simulators helps in this respect,

that is, their distinctive subsystem composition. Simulator

capabilities can evolve through major modification of subsystems

or of simply adding subsystems that were not part of original

configurations. Indeed, the Navy has adoptea this approach, and

each modification adds something to a subsystem data base.

Headquarters' offices for the Army and Air Force are only pro-

gram monitors and detailed information may only exist in field

establishments. For Army systems, thp Aviation Systems Division

of DSC for Research Development and Acquisition acts as monitor

with procurement responsibility resting with the Program Monitor

for Taýaninng Devices (UMTRADE) located at the Army Training

Devices Agency, Orlando, Fla. Program monitors for Air Force

systems are in the Directorate of Development and Acquisition,

DCS Research and Development. Procurement responsibility may

125



rest either with the Simulation System Program Office or the

System Program 3ffices for the associated weapon system.

Whichever, the program offices are located at Aviation Systems

Division Headquarters. in the case of Navy systems, procurement

responsibility rests with the Aviati•n Trainins Requirement

Branch, Aviation Manpower and Training Division, Deputy CNO for

Air Warfare.

4. Simulator utilization Pate (as used here) connotes

either a target level or maximum attainable for determining

a number of simulators "esuired (or the minimum number required).

in this respect, it has iicre the characteristics of a study

assumption than a datum. kHistorical utilization rates are

?unctions of' training loads and syllabi requirements as well

as simulator availability.) both •he Army and N1avy have estab-

lish'd such target rates and employed them in prcgram justifi-

cati.ons. The target rate for the Navy--80 hours per week, less

varying aLlowances for unscheduleu maintenance--is soeiled out

in their OM backup dociment•.tion. The Army 'rate is set at
q,5 percent of 80 hours, but, as best as can be determined, it is

not a published figure. Where available, actual utilizations

are quite, different, ond appear to be of no value in settino

the'target levels. (As examples, the Air Force has experianced

a range of 22 to 99 hours--see Taole 11.) Durig• a period that

corresponds roughly ."th ;i.scal 1976, th- Army attained an

average of 72 hours at Ft. Campbell and half that much at

Ft. Rucker.

E. TRAINING-PECULIAR PERSONNEL FACTORS (Tabt. z8)

The basic information from which such factors could be

developed must be available at the base lev.l to support

justification of personnel authorizations, at all levels of

training for each service. However, surprisLingy little appears

to be available at headquarters levels. The malority of material
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i'ound pertains to Navy undergraduate training as part of the

"CINET Factors". TI-is information is developed and used by

Commander, Naval Education and Training (and Commander, Naval

Air Training) and is transmitted to Navy Department level in

the form of worksheets rather than formal reports. Evidence

that the required raw information is available at base level

within 'LTe 4ir Force can be seen in the reports specified in

the Formal Training Course Cost Report (AFR 173-7). However,

This is a complex systeri and the wey in which the basic data

might be used in develcpment of factors is not understood.

1. These six elements characterize the requirements

levied on flight and simulation instructors' time. The Navy

has used similar data to derive levels of student flying and

simuiation hours associated with an undergraduate instruct(r

man-year. The i.esulting levels are included in the CNET

Factors material sent to the Undergraduate Flight Training

Branch, Aviation Manpower and Training Division, DeDuty CNO

for Air Warfare (NAVOP 591). In addition, these materials include

an explanation of the way man-year standards are derived. No

c(mparable information was found Por either Army or Air Force

training;

2. No information was found regarding expenditure of

instructors' time in academic instruction. Since the Navy does

include flight and Cimulatioii instructor time requirements in

the CNET Factors it is hard to understand why the same informa-

tio:r is not tabulated in this case, see paragraph 1, above.

3. Training-overhead personnel and the ratio between

officerz ancý enlisted are tabulated for Air Force training in

the Formal Training Course Cost Report (APR 173-7). However,

neither the de4 ini-ion nor way in which the personnel count

is developed can be actermined from the reporting instructions.

The Navy "CNET Factors" r.re concerned only with direct training
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personnel (with overhead being an ainconsidered base level from
which their FKannirg begins). No material was found concerning

Army training

4. All services keep some track of primary duty time,
but it does not appear to be generally documented information.

The proportion of duty time personnel exnend Jirectly in the

training function should be well known at training bases,

although it may be rather variable by base. The Navy gives a
value for officers in the "CNET Factors" (see paragraphs at

the beginning of this section) but is silent with regard to

enlisted personnel. No information, other than for Naval

officers, was discovered.

F. GENERAL PERSONNEL INFORMATION (Table 29)

Intuitively, it should seem that general personnel data

should be easy to finu. Unfortunately, this is not the case,

and the reasons for it can only be guessed at. An apparent

first reason is that the services are organized and managed
through quite different systems, and no single set of model

relationships may be applicable to all three. Starting UIth

just one set, as was done here, could make appropriate or

applicable data hard to recognize, even though found. An under-

standing of how training units operate withIn the management

structures of their particular service seems necessary, and this

may only be possible through field-level inveLtigations. A
second, and more damaging, reason may be that some of this

informazion is simply not required for budget justificati3n and

day-to-day management, and the cost of developing the data is

simply considered too high. (Relevant examples may be the Army

experience with the TAERS/TAMWP systems and the Field Operating
Cost Agency - FOCA.)

1. Base operating personnel is defined in this paper as
-those base-level persons providing general support to a
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training installation--that is, they 'are directly involved

neither in providing or admiiistering training services nor in

maintenance of equipment integral to the training; program.

(Medical personnel are really a particular category of base

operating support personnel.) The term "base operating person-

nel does not appear to be employed by the Navy, and no other

t9rm describing this function was found. As a result, there is

no hint of whether such data might be developed without detailed

analysis of personnel authorizations at training bases.

Both the Army and Air Force employ'the term, but in widely

different contGexts. The definition given above is clost, to

Air. Force usage, but that service does nct appear to have

developed relations that tie supporz personnel requirements to

direct personnel. USAF Cost and Planning Factors (AFR 173-10)

does g've BOS personnel levels (including splits between officer

and enlisted) for selected "typical" squadrons. However, no

explanation of how the levels are derived is given--only that

the information is provided by the DWrector of Manpower and

Organization, DCS Programs and Resources. One report required

by the Formal Training Course Cost Report (AFR 173-7) contains

a listing of personnel assigned to training bases, by function,

one of which is base support. In Army usage, base operations or

support is associated whully with the operations ana main:;enance

appropriation--necessarily excluding all military personnel.

Separation of direct from support personnel at training instal-

lations (organized under Tables of Distributlr. ar'nd k1lowance)

or at unit installations (those organized under Tables of

Organization and Equipment) appears possible only by analysis

of assigned personnel.

2. Facilities maintenance material is defined to include

materials used in providing medical, transportation, etc.,

services as well as matcrials used in maintaining real property.

Both the Air Force and the Army provide per-man factors. The
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Air Force giving separate factors for medical, base operations,

real properf.v maintenance, and vehicular equipment support in

USAF Cost and Planning Factors Manual (AFR 173-l0). The Army

(in the Army Force Planning Cost Handbook) displays per-man

factors for a number of elements stratified by DoD major pro-

gram. Among them are included base operations, 4dministration,

medical other personnel support, and transportation. The total

between the two are roughly comparable, but no attempt was made

to detevmine if the components of the totals were defined in a

consistent manner. No information of this type was founa for

the Navy. In addition, tha Army factors are general across

all types of anits, and ±ts. eems unlikely t-. differences in

support requirements between aviation and other units could be

developed.

3. No substantive information was found 'or any service.

The Army has periodically made special studies of maintenance

time, but these have been generally oriented towards ground

forces, and no recent studies were found. For the Air Force

and the Navy, there is no indication that the problem has been

investigated through either sampling studies or general report-

ing requirements. This in no way indicates that such efforts

have not been undertaken by operating commands or individua?

unit commanders, but obtaining references to them would be

difficult.

4. The Air Force has traditionally employed a 10-percent

factor for what is called chief of maintenance and a 10-percent

factor for AGE maintenance. What is included in these two

categories is unknown, and recent editions of the Cost and

Planning Factors (A:R 173-10) make no mention of them. The

Directorate of Cost Analysis, Army Comptroller, currently

employs a 40-percent factor to cover all maintenance overhead.

Use of the 40-percent value, however, is not documented in any

publication, and the basis upon which it was derived is unknown.

No comparable allowances were found for Navy maintenance.
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5. There appear to be no service-wide'standards for duty

hours, and it's understandable how they could vary between

locations, across time, and with individual duty assignments.

in conversations with military personnel they appear to think

in terms of a 40-hour week. Whether they are simplN expressi.g

th1e convenzion of civilian labor or are reflecting their own

recent experience is unknown. This is probably a datum best

handled as a study assumption.

6. This is simply the DoD-wide standard rate. It is

included here only because it was called out in Chapter VI.

7. All sor-ice comp(nents are required to submit military

pay and allowance rates to DoD on an annual basis. The rates

are then oublished in DoD Handbook 7220.9H, Accounting Guidance

Handbook. Separate displays are given for each service, and

within each service separate rates are given for basic pay,

allowance for quarters, incentive pay, and other personnel

exptn&Ies -or each officer an: enlisted grade.

Several problei..s may be involved in using the DoD Dub-

lished data directly for estimating training costs. First, the

items tatulated i.a- n'"t exhaust all considered by the model to

con tituti mla.•' r. y. For example, as formul -,ed in Chapter

VI, military pay anzi allowances, is intended to iniclude permanent

change in station (PCS), accession and separation costs, and

possibly, other items. One would have to ascertain which of

these types or costs were included in the other personnel

expenses category and adjust the rates used so that they would

be consistent with the model's usage. Second, pay rates are not

aggregated across grade levels requiring additional information

about thL grade composition of training personnel. Third,

there is no distinction made in the incentive pay category

between the different incentive categories. Since flight pay

is the dominant incentive pay of concern here, additional infor-

zmation would be required.
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The Air Force (in Cost and Planning rahýtors) and the Army

(in Army Force Cost Planning Handbook) provide ;-ore comolete

shred-outs of militarý pay rdtes, also providing averages for

groups of ranks. Any points of ln-entistency between the rates

incloded in these publications and the DoD Handi-ok are not

known.

G. OTHER INFORMATION (Table 30)

This is a catch-all category for items that did not fit

comfortably in the other seven. it ic only incidental that,

for all practica] purposes, no information appears to be avail-

able for any of the types of data shown. There is not even a

satisfactory definition of unspecified training devices adopted.

Larger teams, like carrels, can neatly be classed az training

devices. But in moving down the scale of size ard cost there

is a question oL where one item Is simply general (or organiza-

tional) equipment rather than a training device. How would

items such as 35mm slide projectors, tables, syllabi, etc. be

classified? In aadition,.how far down this scale is it

apnrozriate, ir, terms of cost, to try and ferret out information?

The same question can be asked in regard to training consumables.

Is it worth the cost of finding out what it costs-';o provide

students with pencils, pads of paper, etc., and can one ever

define a point that Oemarks what is wort- the ý-ost from what

i sn ' t.

1. The Navy has performed some studies of training con-

sumables and training ald requirements for technical training

courses. Typically, the scope of the training stualed is one

short duration course at one location with averIage student loads

in the range of 25 to 50 and teaching staffs of five to ten.

This is a far diffe-e.t level of requirements than would be

associated with flight training.
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Appendix A

CONDITIONS FOR EFFICIENT ALLOCATION

The graphic derivation of conditions for efficient alloca-

tion of resources is given below. '2wo simplifying assumptions

are adopted.

I. There are only two inputs to the production process,
labeled "simulator hours" and "aircraft hours".
(Simulator hours anri aircraft hours are further
assumed to be ultimate inputs--or ones that can be
made available only through fixed proportions of
other inputs.

2. The "'auio of the costs of the two inputs 1s constant,
regardless of the quantities of each employed.1

Aircraft hours cost three times that of simulator hours.

For a fixed total cost, then, the aircraft could be flown for

200 hours, the simulator could be operated for 600 hours, or

they could be flown/operated in innumerable combinations so

long as three times the number of aircraft hours plus the

number of simulator hours eaualled 600. This is the budget

constraint line C1 in Figure A-I. The slope of C1 reflects

the three-to-one ratio of input prices. Budget constraint

line C2 is necessarily paraliel to C1 and represents a dif-

ferent %nd smaller budget. All larger budgets are described

by budget constraint lines above and to the right of CI,

Line P1 in Figure A-2 traces all alternative combinations

of aircraft hours and simulator hours that result in an equal

1This 1s tantaount to assuming cacpetitive market conditions and to
denying discontinuities or econamie% of scale for the input mix.
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value of output or product--the level or value of flight profi-

ciency produced. Product isoquant P, represents a different

and small value of output. All higher levels of output are

described by product isoquants above and to the right of P1.

At any point on P1 the slope i; the rate at whi'ch aircraft hours

and simulator hours can be substituted for each other so as to

leave the value of flight proficiency produced unchanged (the

rate of input substitution at tho margin of usage). Continuous

•on~exity from the origin is consistent witi-. universally observed

phenomena and is logically based on two assertions.

1. In any production prccess, each input will be first
applied where it generates the greatest relative
quality of output. Thus, when a simulator is
introduced iito a training program it will be used
first for those ]eanirg tasks where its output,
relative to that of other training inputs, is
greatest. In the table below, the simulator would
first be used for' task #1, second for task #5, and
last for task #4.

Task U Utilization Hours to Learn By:

Simulation Flying

1 2 6
2 15 5
3 i0
46 1

54 4

2. In P.,y production process (flight proficiency, in this
case), as successively greater quantities of one input
(aircraft hours, for example) are employed with all
other inputs (simulator hours, for example5 being held
constant, the resulting increments in output will
decrease after some point. (The classical statement
of diniinishlna returns or variable proportions.)

These two are independent of each other, and either is sufficient

for convexity. Where flight proficiency consists of learning a

number of tasks, both assertions are operative. Where it consists

of learning only one task, only the second assertion is relevant.

A-5



The budget constraints and product isoquants are com-

bined in Figure A-3. The point of tangency of P1 and C (%I)

describes a unique combination of aircraft hours and simulator

hours that maximizes the value of product for cost C1 or,

alternatively, that minimizes the cost of attaining a value

of product equal to PI", That is, no other equal cost mix

of aircraft and simulator hours (point on C1 ) will result in a

higher value of product. Similarly, there is no other combina-

tion of aircraft and simulator hours that can vield the same

level of flight proficiency at an equal or lower cost. At this

point, the marginal rate of substitution of inputs with respect

t' the value of output (the slope of P1 ) is equal to the ratio

of costs of the inputs (the slope of C1 ).

Fcr each alternative budget level (C2 ), there is an

associated combination of aircraft and simulator hours (M2 )

that maximizes the value of flight proficiency attained (P2).

M1 and M2 are two points on the line M (Figure A-4) tracing

the path of all efficient (minimum costs) combinations of

aircraft and simulator hours (inputs) for attaining alternative

levels cf flight proficiency (output).

The example above, couched in terms of teo inputs and a

single output may be expanded to encompass any numb.3r of

potential inputs to the training process. Letting the term
"marginal product" (MP) denote the additional product (flight

proficiency) resulting from the addition of one unit of a given

input (e.g., simulation hour, flight hour, class hour) and "C"

denote the c3st per unit of that input, then, a necessary and

sufficient condition for efficient allocation of resources is

that the ratio of marginal product to unit cost be equal for

all inputs at the margin of usage.

MP1  MP2  MP3

C1 C2  " C3
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This formulation sheds light on the basic problem of

program design. To wit, for flight train-tng, what is the

efficient mix of all input resources that maximizes the value

of training for a given level of cost (or minimizes the cost

of a given level of training)? In this iight, all potential

inputs are competitors, and none are inherently inferior or

superior to others--training devices of all varieties (car-

rels, procedures trainers, part-task trainers, mission trainers,

... ), instrumented aircraft, uninstrumented aircraft, and

human resources (instructors, instructional support personnel,

... ). Further, all inputs are substitutable in variable pro-

portions; the preferred or efficient proportions being deter-

mined by the relative costs and productivities of each

compet•itor.

This formulation permits expanding the scope of questions

of efficiency. The purpose of training for a particular air-

craft type is the defense capability embodied in the weapon

system employing that aircraft, and the question of efficient

allocation encompasses all inputs to the weapon systom--of

which training is just one. Similarly, total defense capa-

bility consists of the individual capabilities embodied i1n

the numerous weapon systems comprising the force structure,

and questions of efficient allocation cut across weapon sys-

tem and service lines. In these larger arenas, necessary condi-

tions for efficient allocation of resources are expressed by

the following two statements.

1. For each DoD activity (weapon system, training
establishment comrand, etc.Y taken separately,
the incremental (present) value of defense capa-
bility resulting from an extra dollar spent on any
input resource will just equal that resulting from
an extra dollar spent on any other input.

2. For all DoD elements (or all elements of one service),
taken together, the incremental present value of
defense capability resulting from an extra dollar
spent on any input rezcurce will Just equal that
resulting from an extra dollar spent on any other
resource.
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The first is a recessary condition for efficiency within

a single force element and in no way requires reference to out-

side factors--that are taken as given. Cast in the context of

ths, study, it could read "for each aircraft type the present

value of additional defense capabilit:y received from spending

an additional dollar on flight simulation would Just equal the

value received by spending an additional dollar on flying."

Similar equal.ties would simultaneously hold for all other

tradeoffs, both larger and smaller in sýope \i.e., between

training and hardware, flight training vs. maintenance train-

i.ng, between part-task and full-misslon simulators, between

different featur.s or configurations of a zimulator, etc.).

Whenever and whereve-- equality is nct met the total defense

capability obtained could be increased by changing the input

m!x (e.g., substituting a dollar spent on flight training for

a dollar spent on hardware--or visa versa).

The second condition expands the scope of inquiry to the

DoD (or Service-wide) level where the set of relevant trade-offs

is broader (aircraft vs. ships, F-16 vs. F-18), and some aspects

of DoD •fficient allocation directly impact on and change the

conditions for efficient allocation within individual weapon

systems, commands, etc. That is, even though all equalities

were to be satisfied within each aircraft type, weapon system,

or command (internally or taken one at a time), this 'is not

sufficient to insure efficient allocation on a DoD-wIde basis

(across all aircraft, etc. taken as a group). A particularly

visibile example Is the question of cost reductions or other

benefits accruing to force elements from investments in

technological development. A current issue in simulation is

the potential net value of large-capacity, hlgh-resolution,

computer-generated imagery. Its development to the point of

general availability will require a sizeable investment of both

money and time, but, once brought to this point, it could be

applied to a number of training programs for recurring production
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c3sts of the equipment. It is questionable whether the

development and procurement cost would ever be Justified on

the basis of its potential payoff within the training program

of a single aircraft system. It is necessarily le.s of a

questiLon when the costs are compared with the aggregate payoff

potential across several aircraft systems (F-16 and A-10).

An implication arising from this reasoning is that planning

for and assessment of simulation, either for one aircraft type

or on a DoD-wide basis, must consider all other aspects of flight

training. Further, planning and evaluation of irdividual pro-

grams (i.e., by aircraft type) necessarily falls short of

addressing the range of relevant questions unless it is cast

in a context of a total (and preferably dynamic) DoD training

program--one that is formulated in a manner that expressly

permits intersystem and interservice comparability and aggrega-

tion. 'That is, a requirement for evaluating cost and effective-

ness of simulators in flight training is formalizing (or model-

ing) a set of procedures for estimating total cost and effective-

ness of flight training at individual system, service, and DoD

levels.
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PART II - BUDGET FORMULATION

Sention 10 - Special Analyses

Chapter 2B13 - Simulator and Training Device Programs

2B"I . I Purpose

A. This chapter provide- instructions foi preparaton and ,!mb-
mL3;on of d..ta n,?eded for review of ,ach DoD (rc.q tnnt's b.dge, rv.q•:ire-
ments for sirmulatois and training dcvico-. At thLe time, the, ricw,,,
will be ' irsited to the flight simul.itt i/trainineu device cat egory of
equipment as delined in parag:;ph 2BI'J.3.A.I.

B. Paragraph 2BI1.3.B. identifies the progra.cs for which e:x:hibit,
must be ,;ubmitted.

2B13.2 '-jlumissiian R!qgiremerts

A. Components will segtegate their sub.missions by Activc, ""ional
Guard, and Reserve a.; applicable. Each sectLion wiJI] contain the fol-
]owing exhibits and inforatiun in support ol bu:g-t estimate?-:

1. Exhibit ST-i, Component Flight TrainLng Device O)crviee.:.

2. Exhibit ST-2, Component Flight Training Device Surý.;;-y
by Weapon Sybttm or Major Device Type. Exhibit. SI-2 is
intended to 5;umynu'rize the detail pri-sented in tOl .x'ii-
bits ST-3 relating to a given weapon sysie;r. Qih i,
i.denTifying the iadividual tl..iIng dLviczS in par;-
graph 3.A. of Exhibit ST-2, devices that have Sfiu.. laz
ccpabilities or serve a common purpose may be coir, h-ned
in a single line entry. The Fame devicr'(s) must be used
in 3.B. ond C. Grouping of devizes by cast/devici hour
is p-!rrissible whenevcr such aggregation does not distort
signi' icant relationships.

3. Exhihit ST-3, Component Flight Training Device DetI.
Submit a separate exhibIt for each training device rate-
gory as identified on Exhibit ST-2 for each Weapon Sy.tein
or Major Device Typeý. Section 5.B. of this exhi'it is
infended to cornsolidate training device utilization and
substitution data for all devices which support a given
weapon systeu,. Training device hours and estimated fly-
ing hours rcplaced rau-- be displayed by d-vice type or
group of devices as used in secticn 3 of each ST-2.
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4. In addition, each component shuuld append information
briefs to each Exhibit ST-2, to explain and justify
the budget estimates of the individual devices used to
support the weapon system.N , evic.. or exstin
devices that are expanding or contr3ctilig should be
covered in more detail than those mature devices that
are still required hot are experiencing litLle or no
ch e from a manpower or cost viewpoint. The briefs
s' ald include but not be limited to a statement oý the
budget estilaate's contevt, purpose, specific programs
and activities. Further, for the operations and mili-
tary personnel appropriations, explain the reasons for
significart changes (+ or -) from the current year to
the budget year, also identify any contract- related
to the operation, maintenance, or training effort. For
PDT&E, procurement and military construction, briefly
explain the reasons for the budget requiremcnts.

5. The cost/flying hour and cost/device hour tigures shown
in the exhibits should be based ota conmion cost elements
to fac•.itate comparison. Each co.ponent will submit a
display of those cost el ents and their contribution to
tne total cost per hour tigurec. Aircraft coi.r./flying
hour figres should include only those cost elet.ients
which vary with adjustz,,nts in peacetime flying nour
changes.

B. Twelve sets of the above material are required. Each set will
be stapled or bound separately. The Exhibit ST-3's dealing with a given
weanon 6•,.te.m will be losated i,,,iediat-ily after the Exhibit ST-2 for
that weap.sn system.

2B13.3 Preparation of Material

A. The following definitions apply for the purposee of preparing
the above exhibits:

1. Flight Simulator/Traitning Device - A device used to give
mental and/or physical existence to, and relatv, the
situations uncountercd and tasks performed by aircrew
members in the performance of Lheir required duties.
These devices would include but not be l!,,ted to such
equipmetit normally refe,'red to as simulators (flight
and mission), part cask trainers, and cockpit proce-
curesLralf:. ,vicc." suc'h as clasnroon and mainten-
ance trainers r.hould be excluded.

2. Flying Hours - Aiicraft flying hout totals should agree
with the budget data eupporting the DoD flight hour pro-
gram. Aircraft flight hours include all flight operations
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associated with tie aircraft inventory of each section
of the exhibit, nor just. those prograt'mied for training.

3. Training Device flours - Include only those training
drv!ce hours •hih are rcquired for th,- purpose of pro-
vJding valid flight training, i.e., maintenance hours
oi time used for visitor dcmonstrailons, for example,
slould be excluded.

4. E';tiriatcd Aircraft Flying fours Replaced by Device
Kours,; - rhe esLio~ated airrraft flying hours that wotild
have been rcqoircd were the simulator not available.

5. Proficiency - All data included in the proficie-ncy sec-
tion of each exhibit will conform in meaning with the
definitions as contained in DoD Dicective 1340.4.

P. Flight -. imulator/training device e:hibfts will be submitted for
tbo:; aircraft bystems which have trainin;; device Research and Dev'lop-
ment, or Procurt.ment costs which exceed $Q.5 million in any one year.
Appropriate er-vhWits should also b? sumitted for any other aircraft
systems which have Z.11ual opr.ration r.nd maintenance costs which eyreed
$5 million. In addition, exhihi.cs sL;ould r!so be sul..nitted for any
othe, flight trý:;ning devicvs for which p,-ocurement costs exceed $0.5
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COST EFFECTIVENESS ANALYSIS

PROCUREMENT TO PROVIDE P-3C AIRCREW TRAINING

2F87F OFT

NAVAL AIR SYSTEMS COMMAND

WASHINGTON, DC

JANUARY 5,1977
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I- PROPOSED PROCUREMENIT

2P87ý') OFT with visual system.

II. REQUIRE Eo,...j

A. General. The proposed procurement is required to provide a media

for P-3C flightcrcw training in ASW tactics on the P-3C update II aircraft.

B. Specification of Requirements

1. Capability. The trainer will be required to provide 16 hrs/aay,

5 days/week, 50 weeks/year training to support six squadrons of aircraft. No

capability currently exists to provide the required training.

2. Location and Dates

(a) The procurement is required and planned fo," the Naval A.r

Station at Brunswick, Maine.

(b) Operating capability is required by FY1980. This requires

funding and full production (service use) ia FY 1978.

3. Source of Requirement. The requirement for the training capa-

bility was specified by CNO letter, Ser. 596/116664 dated I Dec 1975.

II. BENEFIT/COST AN1ALYSIS

A, Costs:

1. Capital Inventment - An estimated S6.5M is required to procure

the 2F87(F) OFT with visual system to meet the specified training requirements.

This estimate is based on current industry Costs for similar procurements.

2. Mods!Updates - Annual estimated requirements for modification/

updates are based on experience and are shown in Fig.l.

3. O&M - Twelve additional civilian or military persornel positions

are required. No additional nonpersonnel operations and maintenance expense

are anticipatJd. An average cost of $14,000 was usea per civilian/m.ilitary per-

sonnel position required.
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'4. MILCON - Facilities will 'U provided by Military Construction

Project Number p-106 estimated at $1,400,000.

B. BENEFITS

1. Flight Hour Substitution - Expendables/Maintenance

Aircraft Cost/Flt Hour (Source: Navy Program Factnis Manual)

P01. CostiFlt. Hr S385.45
Organ. & Inter. Maint/Flt Hr 158.90
Component Rework 143.12
Replenishment Spares 84.40
Engine Overhaul 23.17

S795.04

Flt Hr Substitution (Source: CNO 0P-59, straightlined after FY82)

FY 78 0

FY 79 75

FY 80 457

FY 81 2065

FY 82-88 3421

Cost Savings = (Cost/Flt Hr) X (Flt Hr Substitution)

2. Flight Hour Substitution - Depreciation

Aircraft Acquisition Cost (Source: Budget Exhibit) $8.280;

Aircraft Service Life (Source: Budget Exhibit) 15 years

Depreciation (Annual at straight-line rate) .552M

Depreciation Savings = (Depreciation/AC) X (J AC) X (Flt Hr Sub)
(Flt Hrs + Flt Hr Sub)

3. Accident Reduction

An extimated monettry loss fcr damage to aircraft due to pilot

error accidents was set at $50/Filt Hours.

Accident Reduction Savings = $ Loss X Fit Hour Substitution
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IV. OTHER FACTORS CONSIDERED

The proposed procurement provides emergency training capability which is im-

possible or unsafe to conduct in the aircraft. Tnis training benefit is not

reduceable to monetary quantities.
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